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The professional papers contained in The Journal are published prior 
to the meetings at which they are to be presented, in order to afford members 
an opportunity to prepare any discussion which they may wish to present. 


The Society as a body is not responsible for the statements of facts of 
opinions advanced in papers or discussions. C55 
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COMING MEETINGS 


The first meeting of the Society for the coming season will be 
held in the Engineering Societies’ Building, New York, on Tuesday 
evening, October 11. The paper will be by Frank B. Gillbreth; 
Mem.Am.Soc.M.E., on Fires: Effects on Building Material and 
Permanent Elimination. This paper was published in The Journal 
for May and lantern slides will be used showing the results of the 
author’s observations upon the effect of fires in the great confla- 
grations at Baltimore, San Francisco, Chelsea and elsewhere. Fol- 
lowing this, H. deB. Parsons, Mem.Am.Soc.M.E., will show lantern 
slides illustrating the effect of fire on tall buildings. Prof. Ira H. 
Woolson, Mem. Am.Soc.M.E., Henry M. Keasby of the National Fire 
Proofing Co., Wm. D. Grier, Chairman of the National Fire Protec- 
tion Association, and others concerned with the use of concrete 
and other fire-proof materials and with fire protection will partici- 
pate in the discussion. 


MEETINGS 1N BOSTON 


Meetings of the Society in Boston are announced for October 19, 
November 11 and December 23. The October meeting will be 
conducted by the Boston Society of Civil Engineers, The American 
Society of Mechanical Engineers and other engineering societies 
of the city codperating. The subject will be An Account of the 
Destruction of Carthego, Costa Rica by the Earthquake of May 


| 
| 


Be ii 
| 
| 
| 
| 
| 


4 SOCIETY AFFAIRS 


4, 1910. Prof. Thomas A. Jaggar will speak on the geological 
features and Prof. Chas. M. Spoffard will discuss the effects of the 
earthquake on different classes of structures. Views will be shown 
on Carthego taken soon after the earthquake and by photographs 
of Central American scenes. 

The November meeting will be conducted by The American 
Society of Mechanical Engineers and the December meeting by the 
Boston Section of the American Institute of Electrical Engineers. 
It is expected that the meeting in January will take the form of a 
dinner of the character of the one he!d last January at which there 
were some five hundred in attendance, representing the various engi- 
neering and architectural societies of Boston and vicinity and many 
of the technical schools and other organizations. 


ANNUAL MEETING 


The Annual Meeting of the Society will be held in New York, 
December 6-9, 1910, the assignment of Papers for the meeting wiil 
be made from those published in this number of The Journal and 
in the November and December Journals. The prozram for the 
meeting is in prepzration and will be announced as early as possible. 


RAILROAD TRANSPORTATION NOTICE 


Arrangements for hotel, transportation and Pullman car accom- 
modations should be made personally. 

For members and guests attending the Annual Meeting in New 
York, December 6-9, 1910, the special rate of a fare and three-fifths 
for the round trip, on the certificate plan, is granted when the regular 
fare is 75 cents and upwards, from territory specified below. 

a Buy your ticket at full fare for the going journey, between 
December 2 and 8 inclusive, and get a certificate, not a 
receipt, securing these at least half an hour before the 
departure of the train. 

b Certificates are not kept at all stations. If your station 
agent has not certificates and through tickets, he will 
tell you the nearest station where they can be obtained. 
Buy a local ticket to that point and there get your cer- 
tificate and through ticket. 
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c On arrival at the meeting, present your certificate to S. 
Edgar Whitaker, office manager, at the Headquarters. A 
fee of 25 cents will be collected for each certificate vali- 
dated. No certificate can be validated after December 9. 

d An agent of the Trunk Line Association will validate 
certificates, Dec. 7, 8, 9. No refund of fare will be made 
on account of failure to have certificate validated. 

e One-hundred certificates and round trip tickets must be 
presented for validation before the plan is operative. This 
makes it important to show the return portion of your 
round trip ticket at Headquarters. 

f If certificate is validated, a return ticket to destination can 
be purchased, up to Dec. 13, on the same route over which 
the purchaser came, at three-fifths the rate. 

This special rate is granted only for the following: 
Trunk Line Association: 


All of New York east of a line running from Buffalo to Salamanca, all of 
Pennsylvania east of the Ohio River, all-of New Jersey, Delaware and Mary- 
land; also that portion of West Virginia and Virginia north of a line running 
through Huntington, Charleston, White Sulphur Springs, Charlottesville, and 
Washington, D. C. 


Central Passenger Association: 


The portion of Illinois south of a line from Chicago through Peoria to Keokuk 
and east of the Mississippi River, the States of Indiana, and Ohio, the portion 
of Pennsylvania and New York north and west of the Ohio River, Salamanca 
and Buffalo, and that portion of Michigan between Lakes Michigan and Huron. 


Eastern Canadian Passenger Association: 


Canadian territory east of and including Port Arthur, Sault Ste. Marie 
Sarnia and Windsor, Ont. 
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GENERAL NOTES 


NATIONAL CONSERVATION CONGRESS 


The second National Conservation Congress, held in St. Paul, 
Minn., September 5-9, 1910, called forth much discussion on the 
subject of the control of national resources. President William H. 
Taft, who opened the congress, sounded the key-note of its policy 
of the conservation of these resources under national regulation 
and control, discussing the question under seven heads, namely 
agricultural, mineral, forest, coal, oil and gas, and phosphate lands, 
and water power sites. Ex-President Theodore Roosevelt in his 
speech on the following day emphatically urged, in addition to 
Mr. Taft’s recommendations, that the federal government retain 
control of water power sites as well as coal lands and forests. Other 
speakers, among them James J. Hill, urged that these resources be 
left to the control of the individual states, believing the national 
machine to be too large and too remote and its operation too slow, 
cumbrous and costly. 

The Congress concluded its deliberations by adopting a platform 
in which it declared the rights of the people ‘‘to be natural and 
inherent and justly inalienable and indefeasible’”’ and that these 
resources must be “developed, used and conserved in ways consistent 
both with current welfare and the perpetuity of our people.” It 
further declared that the waterways should be administered in the 
interests of all the people, and that in doubtful cases there should be 
codperation between state and federal agencies; that use of the 
waters should be made with reference to all other uses and care be 
taken to prevent defilement; that the policy with regard to swamp 
lands be continued and extended; that a federal commission em- 
powered to deal with all water powers be maintained; that public 
lands be withdrawn pending classification and surface rights be 
separated from mineral, forest and water rights; that mineral lands 
be leased for a limited period; and that national forests be controlled 
by the federal government and the forestry service be given larger 
appropriations. The Congress further expressed itself as opposed 
to child labor as detrimental to the life and development of the 
people physically, intellectually and morally, and recommended 
legislation suitable to this end. 
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The Society was represented at the Congress by Paul Doty, who 
acted as chairman of the local board of managers; by E. E. Johnson, 
J. J. Flather, L. H. Gardner and M. E. R. Toltz. 


AMERICAN INSTITUTE OF MINING ENGINEERS 


Preparations for the meeting of the American Institute of Mining 
Engineers, to be held in November in the Canal Zone, are proceeding 
satisfactorily and more than 100 members and guests have signified 
their intention of attending. The party will sail from New York on 
October 21, on the steamer Prinz August Wilhelm of the Hamburg- 
American line, and the technical sessions will probably be held en- 
route. Arrangements have been made for the accomodation of the 
visitors during their stay at the Hotel Tivoli in the Canal Zone. 

According to the program now being arranged, the party will 
arrive at Colon on November 1 and proceed by train to the Gatun 
Dam, where after luncheon an inspection will be made of the dam and 
locks. On November 2 a trip will be made by train through the Cule- 
bra cut. November 3 is the anniversary of the independence of the 
Republic of Panama and is observed as a public holiday, with a 
popular celebration in the city of Panama, including masquerades, 
fire-works, buli-fights, etc., and no other plans will be made for that 
date. On November 4 there will be an excursion to the locks and 
dams at Pedro Miguel and Miraflores; on November 5 an excur- 
sion by tug to the Pacific entrance of the Canal, the islands in Panama 
Bay, etc.; and on November7 an excursion by train over the relocated 
line of the Panama Railroad, now in course of construction. The fol- 
lowing day will be occupied in the return to the steamer at Colon. 

It is further planned to stop en route at Havana and Kingston, 
and returning at Port Limon, Kingston and Fortune Island, arriving 
in New York on November 15. 

The rapid progress of work on the Isthmus which will in the course 
of not very many months obscure the many features of construction 
and methods of operation now open to inspection, makes a trip to 
Panama at this time especially valuable and interesting to engineers. 

The following members of the Society have accepted the invitation 
of the American Institute of Mining Engineers to join in this meet- 
ing: Prof. William Kent, Charles Kirchhoff, R. V. Norris, H. H. Por- 
ter, David B. Rushmore, C. M. Russell, W.L. Saunders, F. W.Scar- 
borough, John M. Sherrerd, 8. D. Warriner and Walter Wood. 
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DR. J. A. HOLMES DIRECTOR OF THE NEW BUREAU OF MINES 


Dr. Joseph Austin Holmes, Mem.Am.Soc.M.E., who has just been 
appointed director of the new Bureau of Mines, has for some time 
past been an eminent officer of the Geological Survey. Mr. Holmes 
was graduated from Cornell in 1881, and after visiting extensively 
the mining regions of this country and Europe, occupied for ten 
years the chair of geology in the University of North Carolina. He 
resigned from this work to become state geologist of North Carolina 
and was appointed to the head of the department of mines and 
metallurgy at the St. Louis Fair in 1904. When the Government 
fuel investigations were authorized by Congress Dr. Holmes was 
offered its supervision and has since then been engaged in the exami- 
nation of coal-fields in a way which has aided both consumers and 
producers. Dr. Holmes has done much to introduce safety devices 
into the mines and inaugurated the recent movement for mine res- 
cue work, which includes three state and twelve government mine 
rescue stations. 


AMENDMENT TO BY-LAW 22 


The following is the correct text of the amendment to By-Law 
22: 


B22 The Finance Committee shall consist of five Members or Associates. 
The term of office of one Member of the Committee shall expire at the end of each 
Annual Meeting. This Committee shall, under the direction of the Council, 
have a supervision of the financial affairs of the society, including the books 
of account. The Committee may cause the accounts of the Society to be 
audited and approved annually by a chartered or other competent public 
accountant. The Committee shall hold monthly meetings for the audit of 
bills and such other business as shall come before it and shall deliver to the 
Secretary for presentation to the Council at the end of each fiscal year,a 
report of the financial condition of the Society for the past year, and also 
shall present therewith a detailed estimate for the probable income and ex- 
penditure of the Society for the following twelve months. It shall make 
recommendations to the Council as to investments, and when called upon 
by the Council, advise upon financial questions. It shall have charge of the 
making of all contracts and other obligations to pay money in the Society's 
work and the ordering of all expenditures thereunder. 
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NECROLOGY 
CHARLES T. PORTER 


Charles Talbot Porter, Hon.Mem.Am.Soc.M.E., a charter mem- 
ber of the Society and recipient of the John Fritz Medal for his 
“work in advancing the knowledge of steam engineering and for 
improvements in engine construction,”’ died in New York, August 
28, 1910, at the home of his son, Louis Morgan Porter. 

Mr. Porter was born at Auburn, N. Y., January 18, 1826. He was 
descended from a notable line of New England ancestors including, 
on his father’s side, the Rev. Jonathan Edwards, and on his mother’s 
side, Governor John Winthrop of Massachusetts and Governors 
Saltonstall and Winthrop of Connecticut. He was graduated from 
Hamilton College in 1845 and at the fiftieth reunion of the class 
presented the Half-Century Annalist’s Letter, a feature of the annual 
meetings of the Hamilton alumni. After graduation he read law in 
his father’s office in Auburn, and was admitted to the bar in1847. 
The next year he married Harriette S. Morgan of Aurora, N. Y., and 
their married life was unbroken until within a few weeks of Mr. Por- 
ter’s death, when Mrs. Porter died. 

After practicing his profession for six or seven years, first at Roch- 
ester and afterwards in New York City, Mr. Porter became interested 
in mechanics in connection with a stone-dressing machine invented 
by one of his clients, which failed to operate satisfactorily. Believ- 
ing that the fundamental principles of the machine were correct Mr. 
Porter went to work to improve it, picking up by the way a knowledge 
of drafting and designing, and therein brought out his latent mechan- 
ical ability. The stone-dressing machine was driven by a steam engine 
which he desired to run at high speed, but the governor was of the 
usual simple fly-ball type which could not be speeded up and conse- 
quently the regulation of the engine was faulty. To remedy this 
defect Mr. Porter was led to design and perfect his well-known cen- 

tral counterpoise type of governor which has since carried his name. 

Subsequently came the development of the high-speed Allen steam 
engine, later known as the Porter-Allen engine, which was essentially 
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the life-work of Mr. Porter. The first engine was built in this country 
and shown at the London Exhibition of 1862, equipped with the Porter 
governor, and operating non-condensing. In 1867 at the French Expo- 
sition five engines were installed, the only high-speed engines exhib- 
ited. 

The exhibit at London and subsequent attempts to sell engines of 
this type in England showed the demand to be entirely for condens- 
ing engines. This brought about the development by Mr. Porter of 
a jet condenser to be direct-connected to his engines, with an air 
pump adapted to the high speed at which the engines ran. The build- 
ing of these engines was begun in England in 1864. 

In his work in steam engineering Mr. Porter became associated 
or intimately acquainted with many of the early distinguished engi- 
neers, notably with John F. Allen and Charles B. Richards. Mr. Allen 
had originated a link and valve motion for steam engines, well adapted 
for use with the Porter counterpoise governor, and it was the com- 
bination by Mr. Porter of this mechanism with his governor, together 
with Mr. Porter’s advanced ideas upon high rotative speeds and meth- 
ods of engine construction that resulted in the Porter-Allen engine. 

Along with the study of steam economy was the need of a steam- 
engine indicator adapted to high speeds. This led to the design by 
Mr. Richards of the first indicator to meet these requirements. The 
patents were acquired by Mr. Porter and an instrument was shown 
in connection with the engine at the London Exhibition. It was 
shortly afterwards manufactured by Elliott Brothers of London. 

In the early manufacture of his engines, many practical difficulties 
had to be met owing to the crudeness of machine shop methods. 
Numerous devices and systems of manufacturer were introduced 
by Mr. Porter to attain the accuracy, without which successful 
high-speed machinery would be impossible. 

In 1868 Mr. Porter returned from England, formed a partnership 
with Mr. Allen and began the manufacture of engines in a small shop 
in Harlem, N. Y. During the three years of business depression, be- 
ginning with 1873, the manufacture of the engines was discontinued, 
but later was begun at the Hewes and Phillips Iron Works at Newark, 
N. J., under Mr. Porter’s own name. They have since heen manu- 
factured by the Southwark Foundry and Machine Company at Phila- 
delphia. 

In 1880 Mr. Porter installed a high-speed steam engine in the Edi- 
son laboratory at Menlo Park, N. J., which marked the beginning of 
direct-connected generators. Following this, the first of a series of 
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engines for so-called steam dynamos was constructed for the Edison 
Station at Pearl Street, New York, each independently driven by a 
direct-coupled engine. 

While these events are important in the history of the high-speed 
engine for electric generating, the introduction of Mr. Porter’s en- 
gines into rolling-mill work was of even greater moment. The early 
processes were deliberate because man was habituated to slow move- 
ments. The first power came from the slow-turning water wheel, 
later from the slow-speed steam engine. Faster movements were 
obtained through gears and belts and then came the direct-connected, 
easily controlled high-speed engine. 

At the first Annual Meeting, in 1880, of The American Society of 
Mechanical Engineers, Mr. Porter read a brief paper upon The 
Strength of Machine Tools, and he has since presented numerous 
others. At the beginning of the manufacture of the Richards indica- 
tor, he prepared for the makers, Elliott Brothers of London, a brief 
treatise on the Steam Engine Indicator, and in 1874 this was revised 
and very much enlarged by him and brought out simultaneously in 
London and New York. This contained the tables of the properties 
of saturated steam which so long remained a standard, based upon 
the experiments of M. Regnault. Very recently he published his 
Engineering Reminiscences, which are an interesting and valuable 
account of many incidents in the development of steam engineering. 
Mr. Porter was a member of the Board of Judges at the Centennial 
Exposition of 1876. 


ALBERT SPIES 


On August 16, 1910, Albert Spies, a Member of the Society, editor 
and proprietor of Foundry News, died suddenly at his home 40 Glen- 
wood Ave., Jersey City, N. J. He was born in New York City, July 
20, 1862, and received his early education from tutors and at the 
Hoboken Academy. When only 19 years old he graduated from Ste- 
vens Institute of Technology, and for a number of years engaged in 
engineering practice and technical journalism. In 1893 he became 

" editor of Cassier’s Magazine, and in 1904 also assumed the editorial 
conduct of the Electrical Age. For several months he brought out 
both papers practically unaided until the pressure of work forced him 
to relinquish his activities on the latter journal in January 1906. In 
the fall of 1906, following the death of Louis Cassier, Mr. Spies sev- 
ered his connection with both papers and in February 1907 became 
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editor of the Electrical Record, continuing until early in this year 
when he resigned to bring out his own paper, Foundry News. Only 
four issues were published prior to his death. 

Mr. Spies was a member of the Engineers’ Club and the American 
Institute of Mining Engineers, as well as an Associate member of the 
American Institute of Electrical Engineers. In 1895 he married Miss 
Gretchen A. Weisker, who, with a son, survives him. 


JOHN EDWARDS McKAY 


John Edwards McKay was born February 22, 1837 in New York, 
and received his early education in the public schools and in the 
Free Academy, now the College of the City of New York. In 1852 
he began a two. years apprenticeship with Charles W. Copeland of 
New York and in 1854 entered the drawing-room of the Morgan 
Iron Works as draftsman and machinist. In May 1859 he was 
appointed third assistant engineer, U.S.N., from which post he 
resigned after serving one year, and was again employed by Cope- 
land and by the Coast Survey. In August 1862 he was reappointed 
to his former grade in the Navy, in December promoted to second 
assistant, and in May 1864 made first assistant, retaining this 
position for two years. At that time men in the service of the 
Navy with practical experience as well as ability to design and 
make drawings were much in demand, and as Mr. McKay was well 
equipped in these respects he was ordered to shore duty at Washing- 
ton, D. C., where under the direction of Benjamin F. Isherwood, 
Hon.Mem.Am.Soc.M.E., chief of the Bureau of Steam Engineering, 
he made designs and drawings of marine engines, boilers, etc., for 
many of the government war-boats. From 1868 to 1872 Mr. McKay 
was superintendent of the Wood and Mann Engine Company, Utica, 
N. Y., designing and constructing many steam engines, rolling-mills, 
saw-mills, etc. He invented at this time a very excellent automatic 
variable cutting-off for steam engines. 

In 1872, at the request of Mr. Tracey, chief engineer of the Croton 
Aqueduct, Mr. McKay severed his connection with the Wood and 
Mann Company and entered upon a public service career. During 
the long period dating from 1872 until his death on May 12, 1910, 
Mr. McKay was connected successively with the Department of 
Public Works, the Department of Water Supply and the Department 
of Water Supply, Gas and Electricity of New York City, and was 
prominently identified with the many important improvements and 
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extensions in connection with the water supply of the Boroughs 
of Manhattan and the Bronx, as they are n w called, and with the 
care and maintenance of the system. 

Included in the work done by Mr. McKay was vune design and 
supervision of the construction of the tower, chambers, gates, 
screens, pipes, etc., in connection with the storage reservoir on the 
west branch of the Croton River at Boyds Corners, Putnam County, 
N. Y.; the design and preparation of the plans for the storage reser- 
voir on the middle branch of the Croton River near Brewster’s Sta- 
tion, Putnam County, N. Y.; the design and drawing of the junction 
gate-houses and appurtenances, at 113th Street and Amsterdam Ave- 
nue and at 93d Street near Columbus Avenue, New York City, 
and the drawings of the six lines of four-foot pipes between these 
gate-houses for the replacement of the old aqueduct between those 
points; the design and drawings of the first successful submarine 
pipe between Manhattan and Blackwells Islands for a supply 
of Croton water to the institutions on the latter; in 1876 the 
design and drawings and superintendence of the installation of 
the five-million gallon pumping engine now in the High Bridge 
Pumping Station, and also the superintendence of the six-million 
gallon pumping engine in that station; the original studies and plans 
of the High Service Pumping Station, machinery, boilers, stand-pipe 
and tank, ete., between 97th and 98th streets near-Columbus Ave- 
nue, New York City; the design and drawings and the superinten- 
dence of installation of a specially designed quick-action 36-inch 
valve in the gate-house of the Central Park reservoir for the control 
of a fir line to the lower part of Manhattan; drawings in connection 
with the Fourth Avenue improvement work from 42d Street to the 
Har:em River and the supervision of construction on this work. 
Frem 1903 until the time of his death Mr. McKay had responsi- 
ble charge of the Croton, the Bronx and the Byram water sheds 
and the storage reservoirs there, including the dams, gate-houses, 
aqueducts, pipelines and appurtenances and the distributing 
reservoirs in the city, and was responsible for the proper conser- 
vation of the storage and the flow through the aqueducts to New 
York City. 

Besides being a member of this Society, Mr. McKay was a member 
of the American Society of Civil Engineers and the Engineers Club. 
At the time of his death Mr. McKay resided in White Plains, N. Y. 
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CHARLES B CLARK 


Charles B. Clark, Member of the Society, was born at Bangor, 
Me., June 20, 1858, and died March 24, 1910. He was educated in 
the public schools of Bangor and in 1876 began an apprentice- 
ship of five years with the Hardy Machine Company, Biddeford, 
Me., during which time he studied mechanical engineering under a 
private tutor. In 1881 he was employed as an engineer on a steam- 
boat and in 1882 worked as journeyman in the shops of the Lawrence 
Machine Company, Lawrence, Mass., where he also attended the 
evening technical schools. He was subsequently employed as super- 
intendent of the construction of machinery for the Detroit Dry 
Dock, Detroit, Mich., the Dunford and Alverson Dry Dock, Port 
Huron, Mich., and the Simpson Dry Dock, East Boston, Mass. In 
1889 he returned to the Lawrence Machine Company as superinten- 
dent and general manager, leaving this concern three years later to 
become manager of the Orono Pulp Company, Orono, Me. Four 
years later he went to New York where from 1896 to 1898 he acted 
as manager of the Merrimac Paper Company of Lawrence, Mass. 
Since February 1898 he had been general superintendent of the 
Eastern Manufacturing Company’s mills, South Brewer, Me. 


CHARLES A. FERRY 


Charles A. Ferry, Associate Member of the Society, died at Phoenix, 
Arizona, May 2, 1910. He was born at Utica, N. Y., September 1, 
1851 and prepared for college at the Montreal High School. After 
a year at McGill College he entered Yale from which he was grad- 
uated in 1872 with the degree of B.A. He remained in New Haven 
for three years doing graduate work and in 1875 went to Chicago 
where he studied law in the office of Judge Upton. Shortly after- 
wards he became interested in manufacturing and was engaged in 
the manufacture of steel railway couplers, in 1891 becoming presi- 
dent of the Chicago Tire and Spring Company. For several years 
before his death Mr. Ferry was not engaged in active business, but 
was always interested in the development of the science of modern 
times as applied in all directions. 
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JOSEPH GARBETT 


Joseph Garbett, Member of the Society, who was for many years 
prominently identified with the mechanical industry of Minneapolis, 
died at his home in that city August 22, 1910. He was born in 
Shropshire, England, January 7, 1852, in which town he received 
his early education, and where he spent the first years of his com- 
mercial life in the Horshay Iron Works, and later was associated 
with the Coldbrookdale Iron Works, becoming superintendent of 
the latter at the age of twenty-three. In 1879 he left England, 
going direct to Minneapolis and entering the employ of O. A. Pray 
and Company, manufacturers of flour and saw-mill machinery, as 
foreman and patternmaker. He steadily developed into a thorough 
and able mechanic and when the Twin City Iron Works was estab- 
lished he, with O. P. Briggs, constituted the firm, Mr. Garbett serv- 
ing as chief engineer. It was here that he designed the Twin City 
Corliss engine which is so favorably known throughout the country 
today. When the Twin City Iron Works was absorbed by the 
Minneapolis Steel Machinery Company in 1902, Mr. Garbett was 
prominent in its affairs, becoming mechanical engineer of that com- 
pany as well as a director. 

In steam engineering Mr. Garbett was an accepted authority. 
For the past five years he had devoted much time to gas engines and 
gas producers. He spent several years abroad studying the various 
types of foreign power plants of this type, and finally adopted the 
Muenzel, a German engine, as the foundation of a gas engine for 
American manufacture. To this he applied his skill and engineering 
ability and developed one of the most successful gas engines and 
suction producers in use in this country today. 
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THE ROTARY KILN 


By Soper, Detroit, Micu. 


Member of the Society 


Early Development. In the manufacture of Portland cement, the 
methods used at the present time are quite crude, but even so, the 
progress made in many departments has been very rapid, particu- 
larly in the burning department. In approximately 90 per cent of 
the mills in this country, pulverized coal is used as a fuel and with 
few exceptions the total burning cost, including the fuel, represents 
from one-third to one-half of the total cost of manufacture per barrel. 
Improvements on the present system are daily being made and experi- 
ments on a large scale are being carried on by many of the manu- 
facturers. 

2 It must be remembered that the first rotary kiln was manufac- 
tured about 1885 and not until 1895 was the rotary type considered 
a success. The plants of Germany and England and also of this 
country utilized vertical or stationary kilns, which are much more 
economical in point of fuel consumption but very costly on account | 
of the excessive hand labor necessary. 

3 In 1885 Ernest Ransom patented a rotary kiln in England. 
About a year later Alphonse de Navarro purchased the American 
rights to this patent and built the first rotary kiln in this country in 
a mill from which the present great Atlas Company was evolved. It 
was 5 ft. in diameter by 40 ft. long. The first fuel tried was wood, 
but a sufficient temperature for clinkering could not be obtained and 
petroleum was utilized. The cost of the petroleum became excessive 
and in 1895 (only 15 years ago) pulverized coal was first tried as a 
fuel in the Atlas mill. To the American engineer and financier is due 
the wonderful growth of the business and especially the development 
of the rotary kiln. It was used commercially and developed here 
before being adopted in Germany and England where the industry 
originated and was much older. The development of the kiln from 
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its original size of 5 ft. in diameter by 40 ft. long to one 12 ft. in diame- 
ter by 232 ft. long indicates a remarkable growth. Whether, the 
limit in size has been reached is a question yet to be determined. 
Until the last three or four years the 6-ft. by 60-ft. kiln was the 
standard, and when Mr. Edison installed his 9-ft. by 150-ft. kilns 
he was laughed at, but the present manufacturers have him to thank 
for the biggest single advance step in the history of the industry. 
The main ideas in developing the rotary kiln appear to be increase in 
output, decrease in fuel consumption per barrel and decrease in the 
amount of machinery operating; in other words, concentration. 
But it is questionable which is the better proposition, a mill with 
one large unit producing 2000 barrels per day, or a mill with four 
smaller units producing the same output. Allowing for the ordinary 
operating difficulties and shutdowns due to repairs and other ordinary 
causes, the total output of the one-unit mill, we believe, will be con- 
siderably less than that of the four-unit mill. Whether the saving 
in fuel consumption of the larger unit will make up for this decrease 
in production is a question to be considered. 

4 Uses of the Rotary Kiln. The rotary kiln has lately been util- 
ized successfully in burning lime, drying materials of varied character 
and in driving off the oxides in iron ores. A 7-ft. by 100-ft. kiln is 
being successfully used in burning lime, and a production of 9 lb. 
of lime to 1 lb. of fuel has been secured. The process is continuous 
and we believe it will eventually be widely adopted. As a direct- 
heat rotary dryer, it is the best in point of production that can be 
installed and where a large production is desired, a proper installa- 
tion is ultimately as economical as the majority of the so-called 
patent dryers. 

5 The Jones ‘‘Step-Process” of reducing iron ore direct to metallic 
iron by use of the rotary kiln is very interesting, and is now practi- 
cally past the experimental stage. Crushed ore is passed through a 
rotary kiln 8 ft. by 120 ft., in which a reducing flame is maintained. 
The coal saving over the present blast furnace method is approxi- 
mately 70 per cent. The following is a comparative statement of 
the fuel consumption per ton of steel: 


STEP ProcEss ORDINARY PROCESS 
Kiln for heat.............. 225 |b. Blast Furnace........... 3000 lb. 
Kiln for reduction......... 400 lb Puddling Furnace ....... 500 Ib 
Puddling Furnace........ 500 Ib 


Saving, 2375 lb. fuel per ton steel 2 
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6 The Rotary Kiln in Cement Manufacture. The most important 
use of the rotary kiln, however, is in the burning of cement clinker. 
The following is a general description of the design, installation, 
operation, etc., of an 8-ft. by 125-ft. kiln, together with some tests 


on kilns of other sizes. 
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Fia. 2 TrempzRATURE oF GASES AND MATERIALS IN A-6-FT. AND 7-FT. BY 
100-rt. Rotary 


7 In the manufacture of Portland cement there are, roughly, 
three stages: 
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a Preparation of the raw materials, which consists of quarry- 
ing the rock and shale or clay, crushing and drying, and 
pulverizing the proper mixture to an average fineness 
of 90 to 98 per cent through a 100 mesh sieve. 

b Burning or clinkering the mixture to a degree of tempera- 
ture (about 2600 deg. fahr.) sufficient for the fusing of 
the powdered material into small greenish-black clinkers 
about the size of beans. 

c Reducing or grinding this clinker to the required fineness, 
generally 95 per cent through a 100 mesh sieve. 


——+-100-0 Total Length of Kiin—+ 
10;— 
Cad 
60 
Moisture | 
2 ~¢ ie) 
2 a 
2 —— + — | 
ignition Loss 
Re O 
Ignition Loss 
M90 


Fic. 3 CHEMICAL CHANGES IN A 6-FT. AND 7-FT. By 100-FT. Rotary KILn 


8 Fig. 1 shows a typical installation of an 8-ft. by 125-ft. kiln. 
The raw mix or kiln feed enters the stack end of the kiln, either 
by gravity or by screw-conveyor. The kiln is lined throughout with 
nine inches of high refractory magnesia brick and is set at an incline 
of to ? in. per ft., which allows the material to travel slowly 
towards the other end of the ‘kiln, from which it discharges into a 
conveyor, cooler or elevator. A mixture of lair with gas, oil or 
pulverized coal is blown into the discharge end of the kiln by means 
of compressed air furnished by an air compressor or blower. When 
ignited, this mixture of air and combustible forms a flame or blast 
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of variable length which comes into contact with the feed and drives 
off the moisture and then the gases, after which clinkering takes 
place at about’'2600 deg. fahr. 

9 The exact temperatures at different points throughout the 
kiln were measured in a 7-ft. by 100-ft. kiln operating upon the wet 
process in wh'ch the kiln feed contained 50 per cent moisture. The 
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temperatures were taken by means of a Le Chetelier pyrometer by 
inserting the porcelain tubes through holes previously drilled through 
the kiln shell and lining. The kiln revolved very slowly (about one 
revolution in from one to four minutes) and the temperatures of the 
gases were accurately letermined. The temperatures of the material 
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were calculated from this data, as it was very difficult to determine 
the temperatures of the material without breaking the porcelain 
tubes. These results were plotted as shown in Fig. 2. Samples of 
the material were also taken for analysis at points of temperature 
observations, and the results plotted in Fig. 3. 

10 Fig. 4 is a curve plotted by W. B. Newberry from analyses 
of samples taken every 4 ft. throughout the length of a 6-ft. by 60-ft. 
kiln. Fig. 5 is a curve plotted from analyses of samples taken 
from a 5}-ft. and 6-ft. by 160-ft. kiln. This curve shows that the 
last or upper 50 feet was comparatively useless for this diameter since 
there was no appreciable chemical change in that part of the kiln. 

11 A list of kiln sizes, together with outputs, fuel consumptions, 
etc., is given in Table 1. It has been observed in practice that the 


TABLE 1 KILN SIZES, OUTPUTS AND FUEL CONSUMPTIONS 


Lining Diameter Length Output Fuel Consumption 
Inches Feet Feet Bbl. per day Lb. Coal per Bbl. 
6 6 60 "75 140-160 
6 7 80 v00 125-135 
6 7 100 375 115-125 
9 s 110 550 100-110 
9 s 125 600 | 90-100 
9 8 135 675 85- 90 
9 8 150 700 80- 85 
12 9 150 800 75- 85 
12 10 175 1500 70— 80 
12 12 200 2000 65- 70 


diameter bears a certain relation to the length of the kiln when 
output and fuel consumption are considered: i.e., a 6-ft. by 60-ft. 
kiln produces 175 bbl. at 150 lb. coal; a 6-ft. by 100-ft. kiln produces 
300 bbl. at 125 Ib. coal; while an 8-ft. by 100-ft. kiln will produce 
450 to 500 bbl. at 110 to 115 lb. coal. A typical and popular size 
just now is 8 ft. to 9 ft. by 125 ft. to 130 ft. long. This relation of 
diameter to length is expressed as follows: 


L = D X 16 (about) 
where Z = length of kiln in ft. and D = net diameter of kiln in ft. 


Actual results secured by lenzthening kiln, materials and process 
remaining unaltered. 


Size Output Fuel 
Ft. Bbl. per bbl., Ib. 
6 x 60 140 240 


6 x 90 200 150 
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12 Heat Balance. The following example will show the method 
used to determine the distribution of heat in the kiln and the chemical 
and physical changes taking place during the burning process. The 
calculations are made for one barrel of cement, taking the actual 
analyses of raw materials and coal and determining from them the 
mix or kiln feed. 


DATA AND DIMENSIONS 


Ee er ee 600 bbl. per day or 25 bbl. per h.r. 
Proximate analysis of coal per cent 
38.50 


B.t.u. per lb. = (14,544 X 0.5275 + 16,515 x 0.385) + (354 & 0.075 — 1635) = 
12,421 B.t.u. 


TEMPERATURES 


Air entering kiln from blower 


Temperature at which gases are liberated.....................00000005. 1000 
Specific heats Heats of combination 

0.2375 954.0 B.t.u. per Ib. 

Waste gases......... 0.23 MgO...... 1488.6 B.t.u. per Ib. 


Limestone........... 0.166 


Heats of decomposition 
eee 0.24 SO;........ 1890 B.t.u. per Ib. 
765 B.t.u. per Ib. 


ANALYSES 
per cent per cent 
Rock Shale 


deg. fahbr. 
| 
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CALCULATIONS 


Shale (2.8 X 66.2 + 18.50 X 1.1+ 5.10 X 0.7) — (3+ 1.5 & 1.4) = 204.18 = n 
Rock (53.82 + 0.8 1.4) — (1.54 X 2.8)+ (0.75 & 1.1) + (0.37 & 0.7) = 49.55 = m 


n 204.07 
= parts rock to one part of shale = = 4.12 
m 49.55 


Less 10 per cent for safety....................+.:. 0.41 
Parts rock to one part shale...................... 3.71 


Rock 


bene’ 43.34 X 3.71 = 160.79 + 3.0 = 163.79 
SiO;...... 1.54X3.71 = 5.71+ 66.2 = 71.91 
Fe.0;.... 0.37 X 3.71 = 1.374+ 5.1= 6.47 
Al,O3..... 0.75 X 3.71 = 2.78 + 18.5 = 21.28 
CaO...... 53.82 X 3.71 = 199.67 + 3.0 = 202.67 
MgO..... 0.80X3.71= 2.97+ 15= 4.47 


Raw Mix 


per cent 


Loss ..... 163.79 + 470.59 = 34.80 
a 71.91 + 470.59 = 15.27 
Fe,0; .... 6.47 + 470.59 = 1.37 
Al,O;3.... 21.28 + 470.59 = 4.52 
> ee 202.67 + 470.59 = 43.07 
MgO..... 4.47 + 470.59 = 0.95 

99.98 


100 — 34.8 loss = 65.2 per cent available for cement 
Finished Cement 


ere 15.27 + 0.652 
Fe,03.... 1.37 + 0.652 


Cementation Index 


(2.8 X 23.4) + (1.1 X 6.93) + (0.7 2.1) 


1.09 
66 + (1.4 X 1.45) 


Hence there is no free lime in the cement made from this mixture. 


1571 
Shale 
470.59 
| 
= 2.10 
Al,O;..... 4.52 + 0.652 = 6.93 
CaO......43.07 + 0.652 = 66.00 } 
d MgO..... 0.95 + 0.652 = 1.45 
99.88 
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HEAT BALANCE 
HEAT DISTRIBUTION IN KILN PER BBL. OF CEMENT BURNED 


a 77.87 per cent CaCO, to be dissociated 
0.7787 X 600 = 466.5 lb. CaCO; 
466.5 X 765 = 357,000 B.t.u. 
b 600 lb. dry raw mix to be heated from 60 deg. to 1000 deg. fahr. (tem- 
perature at which gases are liberated) 
600 (1000 — 60) < 0.2 (sp. ht.) = 112.800 B.t.u. 
c 380 lb. mix heated from 1000 deg. to 2500 deg. fahr. (clinkering tempera- 
ture) 
380 (2500 — 1000) X 0.24 (sp. ht.) = 136,800 B.t.u. 
d 380 lb. clinker discharged at 1400 deg. fahr. loses by radiation, 
380 (1400 — 100 deg.) X 0.24 (sp. ht.) = 118,500 B.t.u. 
e Loss by radiationfrom shell and hood. 
(1) Kiln shell 
W = total loss in B.t.u. per sq. ft. per hr. 
S = Coefficient of radiation through a rough steel surface = 2.77 
T, = Average temperature kiln shell = 450 deg. fahr. 
T, = Average temperature air = 70 deg. fahr. 


B Coefficient of construction = 6 
125 S (1.0077 T, — 1.0077 T.) — 0.55 B (T; — T:) 
76.9 
_ 125 X 2.77 (1.0077 X 450 — 1.0077 X 70) — 0.55 X 6 (450 — 70) 
76.9 
= 1738 B.t.u. radiation per sq. ft. per hr. from kiln shell 
3141 X 1738 = 5,549,000 B.t.u. radiation from kiln shell per hr. 
Then —— = 218,360 B.t.u. radiation per bbl. from kiln shell 
(2) Hood 
Area = 185 sq. ft. 
deg. fahr. 
Average temperature of hood = 450 
Average temperature of air = 70 
Difference in temperature = 380 
Formula = 185 X 380 X 0.74 = 52,000 B.t.u. 


2.84 = ratio of increase of radiation for difference in temperature 


of 380 deg. 
Then 2.84 X 52,000 = 147 B.t.u. radiation per hr. from hood 
147,700 — 
—" 5910 B.t.u.radiation per bbl. from hood 


f Heat carried off by CO:, etc. (temperature escaping to stock 650 deg.) 
208.8 (650 — 70) X 0.24 (sp. ht.) = 29,080 B.t.u. 
g Heat carried off by waste gases 
Weight air required to burn 1 lb. coal = 8 lb. (approx.) Assume 14 
times theoretical air supply. 


| | 
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8 X 1.5 = 12 lb. air required to burn 1 lb. coal 

12 < 90 = 1080 lb. air required per bbl. 

(650 — 70) X 0.23 (sp. ht.) = 133.5 B.t.u. per lb. air 
|. Then the loss per bbl. = 1080 X 133.5 = 144,190 B.t.u. 


HEAT DELIVERED TO KILN 


a Heat produced by combustion of coal 
B.t.u. per lb. coal assuming 1.5 times theoretical air supply = 12,421 
B.t.u. 
8 X 1.5 = 12 Ib. air per lb. coal 
12 — 8 = 4 Ib. air excess 
4 (650 — 70) X 0.2375 (sp. ht.) = 550 B.t.u. absorbed per lb. coal by 
excess air 
Then 12,421 — 550 = 11,871 B.t.u. per lb. coal available 
90 X 11,871 = 1,068,390 B.t.u. total heat of combustion 
b Heat received due to cooling of gases (CO, etc.) from 1000 deg. to 650 
deg. fahr. 
0.348 X 600 = 208.8 Ib. COs, etc. 
208.8 (1000 — 650) X 0.24 (sp. ht.) = 17,520 B.t.u. 
c Heat liberated by chemical reaction 
0.66 X 380 = 251 lb. CaO per bbl. 
251 X 954 = 239,434 B.t.u. 
| 0.0145 X 380 = 5.51 lb. MgO per bbl. 
5.57 X 1489 = 8204.39 B.t.u. 
d Heat carried into kiln through blow pipe 
1080 Ib. air required per bbl. 
1080 X (70 — 32) X 0.2375 (sp. ht.) = 9750 B.t.u. 


SUMMARY 
Heat distribution in kiln 
B.t.u. 
per bbl. cent 
a Dissociation of 357,000 26.6 
b Heating 600 lb. dry raw mix from 60 deg. to 1000 
c Heating 380 lb. mix from 1000 deg. to 2500 deg. 
d Loss through radiation from discharged clinker 118,500 8.8 
e Radiation from shell and hood................ 224,270 16.8 
jf Carried off by gases (CO, etc.)................ 29,040 2.16 
~ g Carried off by waste gases.................... 144,190 10.70 


d Difference unaccounted for(probably radiation) 218,682 16.45 
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Heat received by kiln ’ 
B.t.u. per 


per bbl. cent 
c Liberated by chemical reactions............... 247,662 18.46 
d Delivered through air pipe................-+-+ 9,750 0.72 
- "Total Length of Ki!n 
Feed End } p Discharge End 
1 2 
lc 
Moment Curve 4 
WE 


K R S Q 
Outer Fibre Stress Curves 

Curve A" Represents Stresses in cold Shell. 

Curve ''B”’ Represents Stresses in cold Shell. 

considering Efficiency of Joints. 

Curve ‘‘C’’ Represents Stresses in Shell, 

considering the weakening effect of Heat. 


Fic. 6 Srress DiaGRamM For AN 8-FT. BY 125-rT. Rotary KILN WITH 
IMPROPER TIRE SPACING 


From the foregoing summary, it will be noticed that only 44 per 
cent of the heat delivered to the kiln is theoretically required, the 
balance being lost through radiation, carried off by waste gases, etc. 

13 Design. In designing a kiln it is necessary to take into con- 
sideration the weakening effect of the heat upon the strength of the 
steel. For this reason it is necessary so to space the riding tires 
or supports that the outer fiber stresses at points of maximum bend- 
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ing moments will be nearly equal after considering the weakening 
effect of the heat and the joint efficiences. Fig. 6 illustrates the effect 
of improper spacing of tires. This kiln, the exact duplicate of the 
tr one in Fig. 8, will carry a load only one-half as great, assuming the 
same factors of safety, due to the location of the points of support. 

14 Were it not for the presence of heat, the design of a kiln would 
be comparatively simple, as riding tires could be placed as closely 
as desired. Fig. 7 illustrates an 8-ft. by 125-ft. kiln on three sup- 
ports and the bending-moment curve when all three tires are touch- 
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Fic. 7 Stress DIAGRAM FOR AN 8-FT. BY 125-FT. Rotary KILN 
THREE SuPPORTS 


ing the carrying rollers and when only two are touching. In operat- 
ing a kiln it is very often necessary to stop its rotation for a few 
seconds or minutes and the intense heat gives the kiln a perma- 
nent ‘‘set.”” Assuming the carrying rollers to be in proper align- 
- ment, there is a portion of the revolution when the kiln is riding on 
only two tires. This obviously increases the bending moment and 
- the outer fiber stress beyond the limits of safety, which inevitably 
results in the shearing of rivets or the tearing of plates. Fig. 8 illus- 
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Fig. S Stress DIAGRAM FOR AN 8-FT. By 125-rr. Rotary KILN wITH 
Proper Tire SPaActna 
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trates an 8-ft. by 125-ft. kiln with tires properly spaced and the 
outer fiber-stress curves plotted. Curve A represents stresses in 
the cold shell; curve B, stresses after considering the efficiency of 
riveted joints; curve C, stresses considering the weakening effect of 
the heat. In this latter curve, the stresses U’-L’, I'-M”’, and 
X’-Q” should be practically equal. 


Pounds Coal per Bbl. 


NSA = 
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Fig. 9 ConsuMPTION CURVE 


15 The Law of Pivotal Points. In the following paragraph an 
endeavor is made to apply to the rotary kiln the natural law known 
as the Law of Diminishing Returns or the Law of Pivotal Points. 
With given conditions as to materials, fuel, size of kiln and other im- 
portant considerations, there is a certain production in barrels per 
day where the fuel consumption is a minimum. Conditions, mater- 
ials and other features vary so much in d fferent locations that it is 
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extremely difficult to make a definite statement as to this Law of 
Pivotal Points for each size of kiln. In Fig. 9 is plotted the curve 
for an 8-ft. by 125-ft. kiln, operating upon average limestone and 
shale by the dry process. 

16 To illustrate, if this kiln is producing 300 bbl. per day, the 
fuel consumption is 160 lb. per bbl.; at 400 bbl. the fuel used is 120 
lb.; and the point of economical fuel consumption is 90 lb. per bbl., 
at which point the output is 600 bbl. per day. Beyond this produc- 
tion the fuel consumption increases until the kiln is literally choked. 

The author hopes to be able to present more extensive informa- 
tion along this line in the near future, 


1 
| 


AUTOMATIC CONTROL OF CONDENSING 
WATER 


By B. VioLa, Brooxuiyn, N. Y. 


Member of the Society 


Condensers for vacuum plants, to which this paper is chiefly 
devoted, employ the wet system of condensation, in which the cool- 
i:g surface is that of the cooling water during its progress through 
the condenser. 

2 In practice it is often found that the injection of cooling water 
is unnecessarily increased at times by incorrect operation of the con- 
densing plant. Beside other visible indications of this mistake the 
temperature of the condensed water shows it most strikingly. When 
too much water is used the work of the air pump is made more diffi- 
cult because of the air liberated from the water and if the pump is 
accurately proportioned for normal operation it is unable to accom- 
plish the extra work. If the pump is large enough, the work is 
accomplished, but at the expense of additiona! steam. If a wet air 
pump is employed it is called upon to remove an excess of both air 
and water. Moreover, the excessive injection of water causes a 
higher pressure in the condenser. Assuming the falling water to 
be a liquid cylinder, the outer surface of this cylinder upon entering 
the hot steam takes up the heat of the steam, while the interior parts 
remain cooler. If, owing to the great velocity of the fall, the water 
column is unable to effect cooling by the interior portions of the water 
as well as by the exterior surface, the heat of the discharged water 
will be too low. But if the equalization of temperature can be 
brought about through the whole water cylinder during this fall the 
cooling power of the water can be utilized more completely. 

3 The more finely the water can be divided in falling the more 
readily will the gases pass through it and the resistance will be 
diminished as the surface is increased. The division of the water 
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brings about to a great extent the escape of the air contained in the 
cooling water. This division, however, is never fine enough; hence 
in counter-current condensers the real counter flow takes place only 
upon the surface of contact between water and steam. 


4 Proper utilization of the cooling surface can only be provided 
for by a proper arrangement of the time of contact. For a freely 


Fig. 1 ConcEeNntTRIC COUNTER-CURRENT CONDENSER 


falling body the time of falling with reference t» the height of the 
fall is 


Theoretically, therefore, the time increases as the square root of the 
height of the fall, but in the condenser the resistance increases with 
the height of the fall. Dividing the height of the fall into n parts, 
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h 
wehaveh=n-. Giving to the resistance the smallest value possible 
n 


and to the time of heat transfer in the condenser the highest value, 
the limit of the time of contact of water and heat will be 


t 


Fic. 2 AvuroGcrapHic CHART SHOWING VARIATIONS IN TEMPERATURE 
Unper Hanp REGULATION 


Then for every value where n> 1, we have tah > th 


n 


) 


h 
and in general tah) = Ynt,. If n be taken very large and a very 
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small, the time of contact between steam and water in the condenser 


will be extended proportionately since — 


h ge 
n 
h 
5 It is necessary, however, that the partial fall —. be not less than 
n 
the value required by the amount of steam to be condensed. 


Fig. 3 AuUTOGRAPHIC CHART SHOWING VARIATIONS IN TEMPERATURE 
WITH AUTOMATIC REGULATIONS 


this calculation it is seen that the velocity of the water is gov- 
erned by the height of fall and it is advisable to restrict this height 
in order to prevent friction resistance, if for no other reason. The 
smallest value of friction resistance is at h=0, corresponding to the 


condition when steam and gases flow over standing water. Plants 
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of such construction, however, would be too large. Moreover, 
water and gases being poor heat conductors when in a state of rest, 


it is necessary to provide for a certain degree of motion for water in 
a condenser. 


6 Further, the quantity of steam condensed per unit of timeis 
directly proportional to the cooling surface and a division of the 


cooling water is therefore equivalent to an extension of the cooling 
su-face. 


Fic. 4 AuTroGrarHic CHART SHOWING VARIATIONS IN VACUUM WITH 
AUTOMATIC REGULATION 


7 Therefore, to heat condensed water quickly to the necessary 
temperature by direct contact with the steam, it is necessary (a) 
that the surface of the cooling water be large, (b) that the cooling 
surface change quickly, and (c) that the time of contact between steam 
and water be as long as possible, 
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8 To fulfill these conditions a concentric counter-current con- 
denser such as that shown in Fig. 1 gives the best resuts. This 
condenser is designed for use in connection with two or more vacuum 
pans. By the addition of basins or trays the duration of the con- 
tact between water and steam is raised in the ratio of V n, resulting 
in an economy of water. Some water will accumulate in each of 
these trays temporarily and the temperature is therefore equalized 
at each stage. The fresh supply of water will sink to the bottom of 
the tray, forcing the lower stratum upward on account of the differ- 
ence in temperature, and the warmer water will flow over from one 
tray to the next. The trays in this manner form zones with the 
desired small difference of temperature and constitute a graduated 
scale from the temperature of the steam admission tothat of the ras 
outlet. The surface of condensation depends primarily on the size 
of the cooling-water cylinder when the depth of the trays is greater 
that zero. It may even be said that these moving water columns 
promote the cooling and air and gases will pass at the surface of the 
trays even though they do not pass at the bottom. During the time 
the water remains in the trays it has a chance to take up more heat, 
which is withdrawn from the steam. It is very important that 
enough water be permitted to flow to secure good results, but by 
providing the trays with spray holes, the cooling effect of the water 
is considerably increased. 

9 The work of the condenser varies with temperature, but in 
general it performs about 610 times the work of the air pump, volu- 
metrically speaking. It is absolutely necessary to exhaust the air 
and gases to promote condensation, but the lest air pump cannot 
do good work with a poor condenser, while a good condenser accom- 
plishes at least fair results with an indifferent air pump. 

10 It is very important that the right quantity of water be used 
to condense a certain quantity of steam. This matter is neglected 
in most condensing plants and some kind of automatic device should 
be applied to regulate the flow of cooling water. Experience has 
shown that the amount of water should be from 20 to 40 times that 
of the steam to be condensed. This is a very wide limit and in large 
condensing plants where immense quantities of cooling water are 
required some controlling device should be applied from an econom- 
ical standpoint, so that water will not be wasted. 

11 The first step is to decide at what temperature the water 
should be discharged from the condenser. This, of course, bears 
a certain relation to the steam to be condensed. The description 
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which follows is a record of experiments made and results achieved 
with a condensing plant used in connection with vacuum pans. I 
first applied a recording theremometer in the tail pipe of a concentric 
barometric condenser for the purpose of controlling the cooling water 
by hand operation of the inlet valve; but it was very difficult to con- 
vince the operator of the condenser that it was not neces:ary to let 
the cooling water run off cold, because it is generally believed the 
colder the water the higher the vacuum. The variations in tempera- 
ture under hand control can be seen in Fig. 2. After experimenting 
for some time it was found very difficult to secure good results 
by hand regulation because of the continuous changes which must 
be made to meet conditions as the number of pans connected to the 
condenser is increased or decreased. This led to the application of 
an automatic temperature controller in the tail pipe connected to 
the compressed-air inlet valve, by which it was found possible to 
feed the condenser approximately in proportion to the steam or 
vapor which had to be condensed, resulting in a better average tem- 
perature of the condensed water and only slight variations. 

12 The temperature of the condensed water at a given time may 
be compared with the corresponding vacuum secured by automatic 
regulation from Figs. 3 and 4. By maintaining a nearly equal tem- 
perature of the condensed water, a very uniform vacuum was ob- 
tained except at periods when a new vacuum pan was charged. The 
most striking changes will be noticed at 10.30 p.m., 2.45 a.m. and 6 
a.m. in Fig.4. Atthe same periods the controling thermometer shows 
a considerable fall in temperature, due solely to the temperature of 
the air drawn in from a newly charged pan which was filled with air 
at the temperature of the operating room. The vacuum pump draws 
it into the condenser, as a consequence of which the vacuum drops 
until all the air is drawn out and the new pan reaches an equilibrium 
with the vacuum the pump is able to keep up in connection with 
the other pans. During this period of low vacuum the water is 
shut off by the controling thermometer and no cooling water 
whatever enters the condenser. Since the other pans are boiling, the 
temperature in the condenser increases until the water left in 
the trays is raised to the temperature limit, when the controlling 
thermometer opens the inlet valve and the cooling water is again 
admitted. 

13. The fact that the higher vacuum is not obtained with an excess 
of cooling water can be seen from Figs. 3 and 4. Between 4.45 and 
5.15 a.m., when according to the chart the lowest temperature was 
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110 deg. and the highest 120 deg., the corresponding vacuum was 25.8 
in. The charts shown in Figs. 5 and 6 show even higher vacuums with 
a temperature of 120 deg., the same vacuum pump and the same num- 
ber of vacuum pans being used in each case. 

14 The construction and operation of the automatic contro!ling 
device by which the foregoing results were obtained is shown in Fig. 


Fie. 5 AvTroGcrarHic CHART SHOWING VARIATIONS IN TEMPERATURE 
witH AUTOMATIC REGULATION 


7. The stem B expands and contracts in response to temperature 
changes of the condensed water. The pipe FE supplies compressed air 
of about 15 lb. pressure to the valve mechanism of the controller, from 
which it passes through pipe G to the water-inlet valve, where it act u- 
ates a regular globe valve D by means of a diaphragm motor which 
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replaces the ordinary hand wheel. The temperature of the condensed 
water affecting the stem of the controller permits all, a part, or none of 
the compressed air to pass to the diaphragm-motor valve and con- 
sequently the latter is very nearly closed, partly open, or wide open 
according to the conditions prevailing, allowing the proper flow of 
water to the condenser. 


Fic. 6 AvuToGcrapHic CHART SHOWING VARIATIONS IN VACUUM WITH 
AUTOMATIC REGULATION 


15 Let us assume that the vapor pipe has been delivering an 
amount of vapor to the condenser which requires an amount of water 
that will flow through the inlet valve when the latter is exactly half open. 
Should more vapor enter the condenser, however, the temperature 
of the water passing through the tail pipe would, of course, start to 
rise, but as soon as the controller stem was affected by this higher 
temperature it would expand and cause the valve mechanism of the 
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controller to allow less air to flow to the water-inlet valve. 
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Conse- 


quently this water valve would act to allow more water to pass through 
and thus maintain the proper proportion between the volumes of 
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Fic. 7 Diagram or AuToMATIc ConDENSING WATER CONTROL 


vapor and cooling water. The auxiliaries are, J, a thermometer to in- 
dicate the temperature of the cooling water; F, a hand valve for emer- 
gency use; C, a thermometer to indicate the temperature of the water 
passing through the tail-pipe and serving as a check on the recording 
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thermometer, which has its bulb at A and its dial at O; and P, a re- 
cording vacuum gage, checked by a mercurial absolute-pressure gage, 
Q. The initial supply of compressed air, M, which ultimately oper- 
ates the diaphragm-motor valve on the water inlet, enters the trap 
N, where any moisture or sediment is separated and which also acts 
as a storage reservoir. Gage L shows the initial pressure of the com- 
pressed air supply, which is reduced by passing through reducing valve 
K to the pressure required for the controller, as shown by gage H. 
16 Fig. 8 shows the very simple construction of the controller by 
means of a section through A-B. The stem S is in two parts, the outer 
brass tube and the inner rod. The latter is composed of a material 
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Fig. 8 Construction or AUTOMATIC CONTROLLER 


which has an extremely low ratio of expansion and therefore remains 
of almost constant length, regardless of temperature, while the outer 
brass tube elongates or contracts in response to temperature changes. 
The tube and rod are so arranged that they are always in intimate 
though frictionless contact at the extreme end. R shows the exten- 
sion of the inner non-expanding member, which recedes when the outer 
tube elongates and advances when the outer tube contracts. 

17 The movement thus obtained at RF is transmitted by the lever 
T to the valve mechanism shown in cross section. This is simply a 
three-port valve, shown more clearly in the section A-B, and all 
ports are controlled by the one ball W. The first port, V, is the inlet 
for the compressed air supply; another port, the second, connects 
with the line leading to the diaphragm-motor valve; the third port is 
the outlet for the air which has served its purpose by actuating the 
diaphragm-motor. The position of the ball W depends upon the stem 
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X, which is in contact with the lever 7 at Y. When extension R 
moves outward due to the drop in temperature at S, the lever T is 
raised, and the stem X allows the ball W to leave port V where the 
compressed air enters. The air can then flow through the second port 
to the diaphragm-motor valve, which starts to close. Ifa higher tem- 
perature acts upon S, expanding the outer tube and turning extension 
R inward, lever 7 forces stem X against ball W. The latter then 


Fic. 9 D1apHRaGM-Moror VALVE 


closes port V, shuts off the air supply, and also opens the third port 
so that the air can escape from the diaphragm motor. The diaphragm- 
motor valve consequently begins to-open. 

18 In actual practice, the diaphragm-motor valve is only com- 
pletely closed or wide open if the conditions are such that the tend- 
ency is toward a sudden change in temperature. The controller is 
so sensitive that the diaphragm-motor valve is constantly throttling, 
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that is, letting in just a little more or a little less water as may be re- 
quired properly to effect the condensation. 

19 If it is desired to change the setting of the controller, to main- 
tain a higher or a lower temperature, it is necessary simply to apply a 
key to the port Z and by turning it one way or the other require ex- 
tension R to travel more or less before the controller operates. 
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Fie. 10 AvuTroGcrapHic CHART SHOwING AUTOMATIC TEMPERATURE 
REGULATION OF A SuRFACE CONDENSER 


20 Fig. 9shows the diaphragm-motor valve in section. This valve 
has a regular globe body, with a seat and ‘disc arranged in the usual 
manner, but with a sliding stem that’ is operated by the diaphragm 
motor. The compressed air enters chamber C at opening A. This 
chamber is composed of a cast-iron top B and a rubber bottom D, 
called the diaphragm. The air pressure forces the diaphragm down- 
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ward and the saucer E thus forces the stem F downward while com- 
pressing the spring G. When the air pressure is relieved the spring 
opens the valve again. 

21 This installation has been the means of saving about $400 
monthly for over a year in the charges for city water which was for- 
merly wasted. 


Fig. 11 CHART SHowING AuTOMATIC VACUUM REGULATION 
OF A SURFACE CONDENSER 


22 In Figs. 10 and 11 are shown autographic charts taken from a 
temperature controller and, applied to a single surface condenser 
connected to a vacuum drier. With this installation very good re- 
sults have been obtained and the quantity of cooling water has been 
decreased from 35 to 50 per cent over that required with hand 
regulation. 
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23 The question arises as to whether, with an equipment as de- 
scribed above, it is possible to attain a cooling-water rate near enough 
to that called for by theoretical formulae to be economical. Records 
of the water consumption as determined by meter readings show re- 
sults very close to theoretical and indicate great savings over the 
water required with former conditions of operation. 
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CoMBINED SURFACE AND SPRAY CONDENSER AS APPLIED TO A 
Vacuum Pan 


24 In sugar refineries, combined surface and spray condensers are 
usually employed which are similar to that shown in Fig. 12. The 
vapor from the vacuum pan passes the surface condenser first for the 
reason that in case the vapor carries along some sugar particles, they 
will be condensed at that point and can be used to dissolve the raw 
sugar. In this way nothing is lost. The remainder of the vapor 
passes to the spray condenser, is condensed and flows down the tail- 
pipe. 

25 Condensers of this type require a considerable quantity of water 
and permit of great waste when no controlling device is employed. 
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Even where salt water is used this waste should not be permitted be- 
cause it increases materially the quantity of steam necessary for the 
operation of the pumps. In many cases where salt water is now used 
on account of the great quantity required, the use of a well-constructed 
counter-current condenser operated economically with a precise 
temperature controller may make possible the use of sweet water. 
This is a decided advantage where the condensed water can be used 
for boiler-feed purposes. I would not recommend its use in the same 
condition as when it flows from the tail-pipe, in spite of the assertion 
that condensed water does not contain any impurities carried over 
from the source of the vapor. In steam engine plants for instance, it 
is well known that condensed steam contains oil, etc., and it is never 
pumped direct to the boilers. It has been determined from frequent 
analysis that condensed water from vacuum plants does not contain 
sugar or acid from the evaporation of acid liquor, but the so-called 
untraceable losses in vacuum plants must necessarily be looked for in 
the condensed water. The quantity of water used is so great that the 
presence of these impurities is not noticeable, but practical experience 
has proved them to be present. However, when this condensed water 
at a high temperature (110 to 120 deg.) is passed through an efficient 
water-purifying plant, there is no doubt that it may safely be used for 
boiler feed. 


THE UNITED STATES BATTLESHIP 
NORTH DAKOTA 


At a joint meeting of a number of engineering societies in and 
about Boston, held at the Hotel Somerset in that city on Friday 
evening, January 21, 1910, C. B. Edwards, chief engineer of the 
Fore River Shipbuilding Company, gave an illustrated lecture de- 
scriptive of the battleship North Dakota, which was at that time 

’ the latest addition to the United States Navy, and which was de- 
designed and constructed under the direction of Mr. Edwards. 


Fic. 1 LauNncHING or THE U.S. Barriesuire Norra Dakota, 
NOVEMBER 10, 1908 
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Fig. 2 SecTrionaAL View or Bascock AND Wi.tcox BoILers 


These boilers are fitted with superheaters for the use of oil fuel in conjunction with coal. 
surface, 1439 sq. ft.; heating surface, 55,800 sq. ft.; superheat surface, 6194 sq. ft. 
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Fic. 9 Torsion METER FOR MEASURING Twist OF SHAFT AND HorsEPOWER 
TRANSMITTED 


The shaft is 14 in. in diameter with an 8-in. bore. The twist is about one degree in alength of 8 ft. 
when transmitting full power. 


Fig. 10 STEERING-ENGINE Room 


Wire ropes transmit the motion from the wheels on the bridge and in the conning towers to the 
drums for operating the steam steering gear. The large wheels provide means for steering by hand. 
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A number of the lantern slides used to illustrate Mr. Edwards’ 
lecture are reproduced herewith, together with descriptive captions 
taken from his remarks as the pictures were thrown on the screen. 


Fic. 11 Tue Dynamo Room 


Four 300-kw. turbo-generating sets are crowded into a space of about 20 ft. by 42 ft. 


The North Dakota is 518 ft. in length and 85 ft. in width, and 
has a draft of 26 ft. 10} in. She has a normal displacement of 20,- 
000 tons and contains approximately 1950 tons of machinery. There 
are 431 watertight compartments, not including the inner bottom, 
besides many other compartments which are non-watertight. Prac- 
tically all of the auxiliary machinery was tested under approximately 
normal operating conditions, and the water rates established before 
installation. 
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Fig. 12 Crane ror Hoisting Boats ABOARD 


This crane ts operated )y electric ‘notors and las a capacity of 33,000 lb. Note the searcb’ight on 
top of the crane post and the one on the bridge. There are four 36-in. and four 60-in. searchlights 
on the ship. 
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Fic. 13 Worksop 
| Each tool is provided with individual motor "drive and' extensive repairs can be made on board 
the vessel. 
Fic. 14 Stern View SHowine 
The propellers are made of a new alloy known as Monel metal, containing about 60 per cent of 
nickel. The working surfaces are accurately planed to a true screw for a pitch of 10 ft. 4 in. anda 
diameter of 13 ft. 
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A number of additional views were shown and described, which 
are not reproduced, among which weresome of the auxiliary machinery 
and a number of novel details of construction. These features include 
a refrigerating plant for cold storage purposes, ice-making, and 
cooling the magazine; the evaporating and distilling plant used to 
provide the vessel with fresh water, which has a capacity of 25,000 
gallons in 24 hours, an engineering feature seldom found except on 
a battleship; a typical radiator, designed to heat the vessel in cold 
climates and to cool it in tropical regions, making comfort in any 
climate possible; the interior of the galley, with steam kettles and 
other means of cooking for the crew of 934 men, where a considerable 


amount of steam is used, constituting an engineering problem in 
itself. 
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A GRAPHICAL METHOD FOR CALCULATING 
STRESSES IN A CONNECTING ROD 


By Winstow H. Herscuet, NEw 


Member of the Society 


Connecting rods are usually calculated by formul e. While 
empirical formulae are sufficiently accurate for slow engines where 
the inertia forces may be neglected, at how high a speed such formulae 
may be used is always a question. Thurston' gives two formulae, 
one for engines of moderate speed and the other for fast engines, 
but even in this case it is difficult to determine at what number of 
revolutions per minute we must discard one formula in favor of the 
other. 

2 Analytical formulae are also unsatisfactory because they are 
based on incorrect assumptions. In the course of this paper I shall 
first enumerate the usual assumptions, and, taking up each in 
turn, show how it may be avoided, and finally give three numerical 
examples of the application of the new method. 

3 Assumption a. The formula for calculating the bending 
moments due to the inertia forces may be written 


(? x— x3) 
where 

M,= bending moment due to the normal components of the 
ine.tia forces in in. lb. 

! = distance between the crosshead and crank pins, or length 
of rod, in in. 

« = distance from the crosshead pin to the section under 
consideration, in in. 

R = crank length, in in. 

‘RR. H. Thurston. A Manual of the Steam Engine, p. 103. 
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g = acceleration of gravity, in in. per sec., squared 
w = angular velocity = a where n = r.p.m. 


w = weight of an inch length of rod, in Ib. 


The definition of w indicates that the rod is o° uniform section, 
although it is more common to use a tapered connecting rod for hi zh 
speeds. 

4 Assumption 6. In deriving [1], Merriman? refers to a figure 
showing the crank at right angles with the connecting rod, that is, 
the piston has passed through about 44 per cent of the stroke. Un- 
win’ shows the crank at r ght angles with the center | ne of the cyl- 
inder, that is, at 55 per cent stroke. Neither authority offers any 
proof of his assumption that the maximum bending moment occurs 
at the position indicated. 


5 Assumption ec. If « = 1 V } in [1], M, will have a max mum 
wRw *l 
value of 0.0638 _ Hence it is assumed that the maximum bend- 


ing moment due to the inertia forces is at a section distant from the 
crosshead p'n 0.6 (more accurately 0.577) the length of the rod. 

6 Assumption d. Since the inertia forces are usua ly regarded as 
the sole cause of bending, the maximum section of the rod is often 
placed at 0.6, the length of the rod from the crosshead pin. 

7 Marks* corrects [1] for horizontal engines, by introducing the 
bending moments due to the static weight of the rod, and thus finds 


(2 a’) wlx (1-*) 


6 gl 2 lL, 


The total bending moment, as given by [2], will have a maximum 
value when 


Ro? * Ro 


This shows that the section of maximum bending moment will ap- 
proach a point distant 0.577 the length of the rod from the crosshead 
end as the speed increases, and will approach the middle of the rod 
as the speed and consequently the inertia forces diminish. 


2? Mansfield Merriman. Mechanics of Materials, p. 257. 

*W.C. Unwin. Elements of Machine Design, vol. 2, p. 105. 

4W.D. Marks. The Relative Proportions of the Steam Engine, p. 160. 

* L. L. Willard. Corliss Engine Design. The Engineer, Dec. 1, 1906, p. 774. 
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8 L. L. Willard’ uses a graphical method which enables him to 
take account of the taper of the rod so far as it influences the bend- 
ing moment due to the static weight. He assumes a rod of uniform 
section, however, in calculating the bending moment due to the iner- 
tia forces and the stress due to buckling and compression. 

9 Assumption e. The axial thrust on the rod is taken as the pis- 
ton area, multiplied by the unit pressure upon it and divided by cos 
3, where 6 is the angle between the connecting rod and the direction 
of stroke. 

10 Assumption f. In add tion to assuming, as in all structures, 
that the material is homogeneous, it is taken for granted in the case 
of a connecting rod that the workmanship is perfect, so that the rod 
may be considered as a column with no eccentricity of loading. 

11 Assumption g. The maximum stress in the rod is taken as 
located at the section of maximum bending moment and as equal to 
the sum of the un:form stress due to the axial load, and the maximum 
stress due to the maximum bending moment. Expressed as a formula 


2 
A 
where 
P = axial load on rod, in lb. 
A = sect on of rod, in sq. in. 
M = bending moment, in in. lb. 
W = I/e = section modulus, in in. cubed 
K = maximum stress in section, in lb. per sq. in. 


12 If now we seek to avoid these seven assumptions, it soon 
becomes evident that we must use graphical methods. The analy- 
tical method would require a different formula for each shape of rod, 
and the calculations would be too complicated to be of practical value. 
I have therefore devised a graphical method, and shall show in the 
following paragraphs, that it obviates the necessity of making the 
seven as umptions. 


DISCUSSION ON ASSUMPTIONS 


13. In assumption a, since we wish to avoid the assumption that 
t' e rod is of uniform section, we must discard [1], in place of which 
we need some formula or other means of finding the normal compo- 
nent of the inertia fo ce of a material point, which we will call /’,. 

14 At the crank end of the rod the value of P,, will be 


4 


4 

ga 
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Re? sin (a + = RwC sin (a@ + B) 


where 
w = we ght of material point, in lb. 
a = crank angie 
8 = rod angle 
R = crank length, in in. 
C = centrifugal force of 1 lb., 1 in. from center 
(C can be obtained from a table or diagram.) 


15 The inertia force at the crosshead end may be obtained from 
the formula 


inertia fo.ce = = = approx mately (-osa + 2a) 
where 
b = acce eration, in in. per sec., per sec. 
\ = ratio of crank to rod length 


16 In a paper entitled Influence of the Connecting Rod upon 
Engine Forces, Sanford A. Moss® gives the more accurate formula 


cos 2a+ a 


& ) —sima 
> 


and calls attention to the typographical error in Unwin’s Elements 
of Machine Design’, of a minus instead of a plus sign in the numer- 
ator of the fraction. 

17 In Hiitt *°, is the formula 


cos (a + B) 1 a 
cos B cos® B 
wh ch agrees with the exact formula of Unwin. In all these formul:e. 


however, careful attention must be paid to the geometrical signs of 
the sines and cosines. There is less chance of error in the graphical 


k = cosa + 


k= 


9 


< 


method shown by Autenrieth®. If we introduce in place of — ts 
( 


6 Trans. Am. Soc. M. E., vol. 26, p. 375. 

7™W.C. Unwin. Elements of Machine Design, New edition, 1902, p. 117. 

8 Hiitte des ingenieurs Taschenbuch, Akademischer Verein Hiitte, Berlin, ed. 
20, p. 829. 

®* Ed. Autenrieth. Beitrag zur Bestimmung der Triigheitskriifte einer Schub- 
stange, in Zeitschrift des Vereins deutscher Ingenieure, vol. 39, 1895, p. 716. 


r 
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equivalent C, we find that P,, at the crosshead end will be equal to 
wCRk sin 8B. 

18 We now have equations for the normal components of the iner- 
tia forces at both ends of the rod and may find intermediate values 
by simple interpolation If b, is an inertia factor varying between 
k sin 6, and sin (a + 8), then P, for any point in the rod may be 
determined by the formula 


19 Fig. la gives values of b, for a normal crank mechanism where 
\ = 5. The scale for b, curves shows distance of material point from 
crosshead end in per cent length of rod. A plus sign on the out stroke 
or a minus sign on the back stroke before b, shows that the force is 
acting upward in the case of a horizontal engine running over. 

20 In cases where \ is not equal to 4, a new diagram must be con- 
structed in pace of Fig.1. \ sin a=sin 3, from which equation 6 may 
be calculated, and the percentage of stroke for any crank angle is 


1 1 
equal to 50 | 1 + ae (cos a + , Cos 8) |. 


21 If the cyl nder is offset, k may be found graphically, or the 
analytical method may be used as described by Professor Phetteplace 
in his paper, Offsetting Cylinders in S’ngle-Acting Engines'®. 

22 By means of Fig. 1a or a similar figure for the given conditions, 
and [4] we may find the value of P,, for each of the material points of 
which it is assumed the rod is composed. And since these forces pro- 
duce neither a uniform nor a concentrated loading, we may most con- 
veniently use the graphical or string polygon method for finding the 
bending moments M,. 

23 In assumption b, if we use Fig. 1a and [4] instead of [1] to de- 
termine M,, it is evident that we are no longer restricted to the con- 
sideration of any particular part of the stroke, and we may find by 
trial at which point of the stroke V/, attains its maximum value. Fig. 
la shows that b, for the middle point of the rod, or the average value 
of b, for all points of the rod, reaches a maximum at about 38 per cent 
stroke, and this may be taken as the approximate position for maxi- 
mum bending moment. 

24 In assumption c, the graphical method of finding M, locates 
the position as well as the value of the maximum bending moment 
due to the inertia forces. The error in assuming that the section of 


© Trans., Am. Soc. M. E., vol. 31, p. 223. 


| 
| 
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maximum bending moment is located 0.6 the length of the rod from 
the crosshead end is not material, but it leads to the more serious 
error of placing the maximum section of the rod at this point. 

25 In assumption d, in addition to the bending moments due to 
P,,, bending is caused by the static weight of the rod, as pointed out 
by Marks‘ and Willard’, both of whom, however, use [1] to caleulate 
M, and assume a horizontal rod in calculating the bending moments 
due to the statie weight, which we will call M,,. By using the string 
polygon method, with the rod and forces drawn in their true direc- 
tions, and by allowing for the taper of the rod in calculating the weights 
of the material points, values of .V, may be found accurately and 
without difficulty. On this account and because with a vertical en- 
gine VV, becomes negligible, t will not need further consideration. 
If taken account of in the case of a horizontal engine, it should be 
added to M,. 

26 The main error in the usual method of calculation is in neglect- 
ing the bending moment due to the axial load. The total bending 
moment, 7, is equal to MV, + M;, where M, is the bending moment 
due to the normal components of the inertia “orees, and .M; is equal 
to P (e + f), P being the axial load on the rod, e the eccentr city of 
loading, and f the deflection of the rod. 

27 For the determination of f it is most convenient to use Mohr’s 
graphical method, described in a paper by Willibald Trinks on The 
Deflection of Beams by Graphics.'' This method of finding deflec- 
tions consists, briefly stated, in using a mean corrected bending mo- 
ment in place of a force in the string polygon method of finding a 
bending moment. The bending moments are corrected by multiply- 


ing by the ratio Fe [,, being aconstant moment of inertia, usually that 


of the largest section of the beam, and J being the moment of inertia 
of each section where the deflection is to be found. 

28 The length from center to center of supports is divided into 
a number of equal parts and the mean corrected bending moment 
found for each part. These mean values are then laid off on a force 
scale and treated just as if they were forces acting through the centers 
of the parts into which the beam was divided. The work of drawing 
a string polygon is then completed, just as when finding bending mo- 
ments by that method, the only difference being in the determination 
and significance of the pole distance. 


1 Trans., Am. Soc. M. E., vol. 24, p. 116. 


| 


| 
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29 Here we may use the formula 


whe e 
H = pole distance 
FE = modulus of elasticity, in lb. per sq. in. 
7, = unit moment of inertia, in in. to the fourth power 
number of equal parts into which beam is d vided 
l = length of beam between points of support, in in. 
S = scae used in plotting corrected bending moments, being 
the number of in. Ib. equal to 1 in. 
m = number of times beam is reduced in s ze, in horizontal 
scale of string polygon, e.g., if the seale is 3 in. = 
1 ft., then m = 4 
x = number of times deflection is to be enlarged on drawing. 


q is selected according to the degree of accuracy required, and S is 
determined by the necessity of having the force scale a reasonable 
length. Then it is most convenient to calculate the value of iSm’ 
after which x may be selected so as to bring the value of H as 
desired, that is, about half the length of the force scale, taking care 
that x is of such a value that the deflection may be easily scaled. 

30 In assumption e, the axial thrust on the rod, P, is the sum of 
three quantities. The first is the pressure on the piston divided by 
cos 8 the second is the inertia force of the purely reciprocating parts, 
divided by cos 8, and the third is the axial component of the inertia 
forces of the rod itself, which we will call P,. 

31 Values of P, are obtained by a method similar to that shown 
for finding P,, in Par. 22. At the crank end of the rod 


w 
P,= Ra* cos (a + 8) = (a + 8) 


At the crosshead end of the rod 
P, = RwCk cos B 
or for any point on the rod 
43] 
Values of b, are given on Fig. |b, the scale for the b, curves showing 


distance of material point from crosshead end, in per cent of length of 
rod. A plus sign on the out stroke or a minus sign on the lack stroke 


| 
| | 
| 
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before b, shows that the force is acting towards the crosshead. Fig. 2 
shows the relative values and direct’ ons of the inertia forces at both 
ends of the connecting rod when at } and 2 stroke. Fig. 1 also con- 
tains a curve marked Fig. 1c giving values of cos 8. 

32 In assumption f, Moncrieff” in his paper on The Practical Col- 
umn under Central or Eccentric Loads shows that an eccentricity of 
loading of only a few thousandths of an inch has a very marked influ- 
ence on the bending moment. As a result of the investigation of nu- 
merous tests on columns, he concludes that these tests could be made 
to harmonize if an eccentricity of jj loading were assumed large enough 


Out Stroke 


Back Stroke 

Inertia Forces at and & of Out Stroke. 

999 ” ” ” » Back » 


2. RELATIVE VALUES AND DirReEcTIONS oF INeRTIA Forces at Born 
ENbs OF THE CONNECTING Rop WHEN AT } AND ? Srroke 


to cover the lack of homogeneity of the material as well as defects in 


alignment. He recommends taking a value of 0.6 for the ratio ~~ 

r 
where c is the distance to the extreme fibre, e is the eccentricity and 
r is the radius of gyration. This would give, for circular sections, the 
formula 


[7] 


Moncrieff does not consider tapered columns, but since [7] is at best 
only approximate, we may take d equal to the mean diameter of the 
rod. 

33 In assumption g, in order to locate the section of maximum 
stress it is necessary to apply [3] to all sections of the rod. It would 


2 J. M. Moncrieff, Trans. Am. Soc. C. E., vol. 45, 1901, p. 334-445. 
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be possible first to find the deflections due to the bending moments 

M,, add e, and take M; equal to the product of theirsum by P. From 

the total bending moments, M = M, + M,, new deflections could be 

found, and this operation could be . epeated until the deflections were 
those due to M, and no further increase in deflection could be ob- 
tained. 

° 34 The same result may be obtained more quickly by using the 
formula for increase in deflection of a column due to the load P when 
the column has an initial maximum deflection, v, due to normal forces. 
The formula is 


PP (c 
8 EI —° PP 
6 
where 
A = increase in deflection due to load P 


e = eccentricity of loading 
v maximum deflection due to side forces 


II 


This formula is derived by Moncrieff in his paper? and will give ap- 
proximate results in our case if J is the moment of inertia of the sec- 
tion with mean diameter. 

35 If v has been found by Mohr’s method"! and A and e have 
i been calculated by [7] and [8], we may find the maximum value of M, 
: from the formula 


M, = P (e+f) = P (e+0+A)............. [9] 


and the maximum bending moment to be resisted will be 
M = M,+ M;. 

36 In cases where the rod is not of circular section it should be 
: remembered that the bending moment in one direction is M, + M; 
and in the other direction simply M;. In any case we may multiply 


I 
the maximum bending moment by the ratio ~ and assume the cor- 


I 
rected bending moment thus obtained to be constant for the whole 
. length of the rod, for if the maximum stress is constant, the cor- 
| rected bending moment must be nearly so. Starting with this con- 
stant corrected bending moment we may proceed as before to find the 
q true deflection by repetitions of Mohr’s method. 
37 For designing a rod of uniform stress with a circular section 
[3] may be brought into a more convenient form 


| | 
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rd? 
4 32 

Pd Krd 
M+ 32 


or finally 


3 on 
d= [10] 
0.0982h 


{quat'on [10] may be solved simply by assuming the value of d ins de 
the cube root sign and recomputing when necessary. 


PROPOSED METHOD OF DETERMINING STRESSES 


38 We now have all the formulae needed to determine the stresses 
in an existing rod or to design a new rod with constant stress without 
need of the seven assumptions above stated, and I will next summarize 
the method to be employed in each case. 

39 If we omit the ends of the rod, taking only the shaft, and di- 
vide it into equal parts of not too great length, we may assume with- 
out appreciable error that the center of gravity of each part is at the 
center of the part. This is of great convenience because it makes the 
lines of force coincide with the lines at the center of each of the strips 
used in finding deflections graphica'ly. If the lines of force are taken 
through the actual centers of gravity of the material parts, it should 
be especially observed that the strips used in finding deflections 
must be equal, since otherwise [5] does not apply. 

40 After finding the weight of each part of the rod, we must find 
values of P,, from [4] with the help of Fig. la. We find graphically 
the bending moments caused by the forces P,, and from these values 
of M, we find the deflections of the rod by Mohr’s method", using 
[5] to find the pole distance. The maximum deflection thus found will 
be the value of v to be used in [8] together with the value of e from [7]. 
Equation 9 now gives the first trial value of the maximum bending 
moment due to buckling, and adding the maximum value of .V/, already 


I, for the middle of the rod, 


I 


obtained graphically and multiplying by 


we have atrial value of the corrected bending moment, which is to be 
taken as constant for the whole length of the rod. Using this constant 
bending moment, we obtain new deflections by Mohr’s method, but 


| 
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these deflections are now values of f in [9] instead of their maximum 
being the value of v in [8]. We now proceed as before to find M;, M 


and I and repeat the operations until no further increase in f may 


be obtained. The final values of V are then used in [3] to find K, 
the maximum stress at each section. 

41 If we wish to design a rod that shall have a uniform stress, we 
may either start with a constant corrected bending moment or assume 
at first that the deflections are the same as found for an assumed rod. 


M is then found as before, but instead of multiplying by 7 we must 
add 9? divide by 0.0982 K and extract the cube root in order to find 
new values of d by [10]. From these new values of d we get ] and 


then ~ _° and are ready to repeat Mohr’s method to get new values 


of f and thus of WV. When final values of WV have been obtained by 
success ve repetitions of the process, the value of K as obtained from 
[3] should be constant and equal to the value of K assumed in [10]. 


NUMERICAL EXAMPLES OF APPLICATION OF THE METHOD 


42 The proposed method may become clearer from the three fol- 
lowing numerical examples. We will assume a vertical gas engine 
with a 16 in. piston, 12 in. crank, 5 ft. rod, and a maximum explosion 
pressure of 400 lb. per sq. in. which may occur at any point of the 
stroke. As will appear later, the axial thrust in rod due to inertia 
forces is small, so that P is practically equal to the maximum pressure 
on piston, or say ? = 80,000 lb. 

43 Problem 1 is to find the stresses in an assumed rod of uniform 
taper, 32 in. in diameter at the crosshead end, and 33 in. in diameter 
at the crank end, neglecting the weight of the rod ends. The numer- 
ical work is shown in Table 1. 

44 Fig. 3 shows the graphical work of all three problems, with 
the various operations numbered. At the right may be seen the force 
scales, with only one horizontal ray drawn to locate the pole. At 
the top, in the form of inverted arches, are shown a few corrected 
bending moment diagrams. These are not absolutely necessary, 
unless the lines of foree do not coincide with the center lines of the 
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TABLE 1 NUMERICAL WORK FOR PROBLEM NO. 1 


Distance of Section from 


Distance of Section from 


in per cent ~ 


Crosshead, 
Length of Rod. 


in per cent . 


Crosshead, 


| Weight of Material Point in 


Length of Rod 


to 
bn for 38 per cent Stroke ., | 
from Fig. la 


Ib. 


17.3 0.942 
0.990 


o 


Deflection from Operation — 
No. 4 


f+e = Col. 16 + 0.262 


© 
° 


0.276 
7 0.299 
0.318 | 
0.069 0.331 
0.075 0.337 
0.075 0.337 | 
0.068 0.330 | 
0.055, 0.317 | 
0.037 0.299 | 
0.013 0.275 | 


oo 
ow 
a = 


Pn = 17.26 X Col. 2 
X Col. 3 


M¢ = Col. 17 X 80,000 


Mi from Operation No. 1 & 


S 


S 


Diameter of Rod = d 


No. 5 


I 


| Mlo _ Col. 19 X Col. 8 
Deflection from Operation 


| 


304 0.014 
355 | 0.036 
0.055 
0.067 
0.073 
0.073 
0.066 
0.054 
0.036 
0.013 


.320 
. 288 
258 
215 
. 188 
147 
.120 
082 
059 
025 
.000 
.990 


bo 


f-+e = Col. 21 + 0.262 


0.276 
0.298 
0.317 
0.329 
0.335 
0.335 
0.328 
0.316 
0.298 
0.275 


o 


No. 3 


No. 2 
Deflection from Operation _ 


Deflection from Operation 


1930 0 0030 
5530 0.0088 
8600 0.0137 
11030 0.0172 
12480 0.0194 
13160 0.0198 
12500 0.0181 
10920 0.0147 0.069 
7880 0.0096 0.050 
3310 0.0034 0.019 


0.019 
0.050 
0.069 
0.081 
0.088 
0.088 
0.081 


23 24 25 
‘ 
x | 
+ 
Gel " 
16 
= = 
210 8.92 
221; 236 9.02 
239 
254 325 9.29 
263 4356 9.40 
268 377 9.57 
268 385 9.68 
262 378 9.84 
253 «3569.95 
239 «10.12 
220 +253 «10.23 
210 10.29 


2 13 
2 8 
818 
© 
0.262 210 
0.281 225 
0.312 250 
0.331 265 
0.343 274 
0.350 280 
0.350 280 
0.343 274 
0.331 265 
0.312 250 
0.281 225 
0.262 210 
2% 27 

& 

a 
= 
8990 3.76 
8880 3.82 
8770 3.89 
8620 4.00 
8520 4.07 
8370 4.17 
8270 4.24 
8130 4.35 
8040 4.43 
7910 4.54 
7820 4.62 
7770 4.66 


M = Col. 13 + Col. 5 


= Col. 14 X Col. 8 


Col. 26 + Col. 28 


I 6 7 8 | 9 14 | 
% 
2 
=| 
= | 
ct 0.033 3.37 | 6.33 210 277 
5 15.2 0.081 21.2 1500 3.39 6.48 240 309 
: 15 15.5 0.176 47.2 4400! 3.41 6.64 294 369 
25 15.7 0.272 73.7 HS 3.44 6.87 336 408 
35 15.9 0.368 101.2 9280 3.46 7.03 367 436 
45 16.2 0.464 129. HE 3.49 7.28 389 446 
55 16.4 0.559 159. 11740 3.51 7.45 397 444 
65 16.6 0.655 188. 11580 3.54 7.71 390 422 
75 16.9 0.751 218. 10320 3.56 7.88 368 390 
85 17.1 0.846 249. 7710 3.59 8.15 327 335 
95 P| 281. 3310 3.61 8.34 258 258 
100 3.62 8.42 210 208 
|_| 19 |_| 28 29 
& 
an 
° 
23 
+ 010 
2 
all = 
= 
0 5580 14570 
5 221 236 6180 15060 
15 239 283 | 7280 | 16050 
25 254 3325 | 8130 16750 
35 265 358 8750 17270 
45 270 379 9030 17400 ' 
55 270 386387 9070 17340 
65 264 380 8700 16830 da 
75 254 357 8050 16090 ; 
85 239 6970 14880 
95 220 253 | 5480 13300 
100 4510 12280 
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strips used in finding deflections, but it is convenient to plot them 
in order readily to see the changes of corrected bending moment 
with successive repetitions of Mohr’s method. At the bottom of 
Fig. 3 is drawn the rod as assumed for problem 1, and as calculated 
in problem 2. The main part of the figure is covered with string 
polygons used in finding M,, v, and f. 

45 With R = 12 in. and a speed of 225 r.p.m., C = 1.4386, and 
by [4], P, = 17.26 wh,, values of P,, being given in column 4 of Table 
1. 

46 Graphical operation No. 1 gives the bending moments due to 
inertia forces, by the simple string polygon method, using the loads 
given in column 4. From the assumed diameters of the rod we must 


next get the ratios in order to correct these bending moments by 


Mohr’s method,'! in graphical operation No. 2, from which we get 
the deflections of coumn 10. The maximum value, 0.0198 in., is 
equal to v, and we may now find by [8] 


5 
80,000 X (60)? 0.075 X 3.54 x 0.0188 ) | 


A= ene = 0.0525 in. 
(8 30,000,000 7.37) — 80,000 x (60)? 


By [7] 
e = 0.075 X 3.5 = 0.2625 in. 
and thus by [9] 
M; = 80,000 (0.2625 + 0.0198 + 0.0525) = 26,800 in. lb. 


and adding the maximum value of M, from column 5 we get M = 
38,540. But for the mean diameter of 3.5 in. 


I, _ 8.34 
I 7.37 


so that our corrected bending moment is equal to 


38,540 X 1.133 = 43,700 


= 1.133 


47 This value is assumed constant, that is, the corrected bending 
moment diagram would be a straight line if shown in Fig. 3. Thus 
the distances laid off on the force scale, in operation No. 3, are equals 
and give deflections as shown in column 11. Adding the value of 
e, already found, we get f + e of column 12, from which My, in 
column 13, is found by [9]. Column 13 and all subsequent bending 
moments in Table 1 are expressed in hundreds of in. lb. 


| 
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48 Having now both M; and M,, their sum multiplied by the 


o 


ratio I gives the new corrected bending moments of column 15, and 


these are used in operation No. 4 to obtain new deflections. Repeat- 
ing in columns 17 to 20 the same calculations as in columns 12 to 
15 we again return to our graphical method in operation No. 5 to 


TABLE 2. NUMERICAL WORK FOR PROBLEM NO. 2 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

0 0.262 105 105 169 274 69.6 4.11 14.0 3.03 318 0.378 151 151 

5 0.167 0.429 172 173 170 343 87.2 4.43 18.9 2.25 389 0.031 0.409 164, 165 

15 0.425 0.687 275 279 171 450 114.6 4.85 27.2 1.565 437 0.081 0.459 184) 191 

25 0.630 0.892 357 364 172 536 136.3 5.14) 34.3 1.239 451 0.120 0.498 1499 208 

35 0.764 1.026 410 419 173 592 150.7 5.32 39.3 1.080 453 0.146 0.524 210. 221 

45 0.830 1.092 437 .448 174 622 158.0 5.41 42.0 1.010 453 0.159 0.537 215) 227 

55 ~—s« 0.830 1.092 437 449 175 624 158.9 5.42 42.4 1.000 449 0.159 0.537, 215 227 

65 0.764 1.026 410 422 177 599 152.5 5.34 39.9 1.064 449 0.145 0.523 209 219 

75 0.630 0.892 357 367 178 545 138.8 5.18 | 35.3 1.202 442 0.120 0.500 200) 208 

85 0.425 0.687 275 283 179 462 117.6 4.90 28.3 1.500 424 0.081 0.459 184 192 

95 0.167 0.429 172 175 180 355 90.2 4.48 19.8 2.15 376 0.031 0.409 164 167 

100 0.262 103 105 181 286 72.7, 4.18 | 15.0 2.84 298 0.378 151 151 

1 17 18 19 20 21 22 23 24 25 | 26 | 27 28 9 30 31 
| x + |X ig & is 

a Lie = |= |= 
0 05 356 90.3 4.48 19.8 1.586 239 0.365 146 146 224 370 94.0 4.55 
5 222 387 98.3 4.61 22.2 1.415 233 0.022 0.387 155| 156 230 386 98.2 4.61 

15 243 434 «110.7 4.80 26.1 1.203 280 0.057 0.422 169|' 173 240 413 102.5 4.68 

25 57 465 «118.3 4.91 285 1.102 229 0.083 0.448 179 186 245 431 109.5 4.78 

35 266 487 124.0 4.99 30.4 1.032 228 0.101 0.466 186 195 250 445 113.2 4.83 

45 270 497 126.6 5.02 31.2 1.008 229 0.110 0.475 190 201 251 452 115.0 4.86 

55 271 498 126.8 5.03 31.4 1.000 227 0.110 0.475 190 202 251 453 115.2 4.86 

65 267 486 123.7 4.98 30.2 1.040 228 0.100 0.465 186 198 249 447 113.7 4.85 

75 259 487 119.0 4.92 28.8 1.090 227 0.083 0.448 179 189 246 435 110.8 4.80 

85 245 437 111.2 4.81 26.3 1.195 229 0.057 0.422 169 177 240 417 106.0 4.73 

9 224 351 99.3 4.63 22.6 1.390 232 0.022 0.387 155 158 231 389 99.0 4.63 

100 209 360 91.5 4.50 20.1 1.563 236 0.365 146 146 225 371 94.3 4.55 


| 
4 
j 
. 


| 


1 32 
Ea 
28 
& 
™ 
om 
0 210 
5 | 22.2 
15 | 23.5 
25 | 25.6 
35 | 26.7 
45 27.4 
55 | 27.4 
65 27.2 
75 (26.1 
85 «024.6 
95 | 22.6 
100 21.0 
48 
0 370 
5 385 
15 408 
25 428 
35 442 
45 450 
55 451 
65 447 
75 434 
8&5 416 
95 389 
100 370 


get deflections of column 21. 


Io 
I 


1 
i 
1 
1 


306 
235 
167 
070 
027 
000 
000 
008 
050 
113 
212 


306 


49 


4s 
3930 


Col. 


CALCULATING 


TABLE 2 


STRESSES 


IN A CONNECTING 


Continued 


34 35 36 37 38 39 40 
Xig go SS 
~ te = 
~ Sz Ze as 
= = = < x 
191 16.26 
193 0.022 16.69 28 4 0.081 0.05 
202. 0.057 17.20 29.2 0.176 SS 
199 0.084 17.94 30.5 0.272 0.25 143 
200 0.102 18.32 31.2 0.368 0.35 108 
201 0.111 18.55 31.6 0. 464 0.45 253 
202 0.111 18.55 31.6 0 559 0.55 
199 0.102 18.47 31.4 0655 0.65 355 
198 0.084 18.10 30.8 0.751 0.75 S08 
197 0.057 17.57 29.9 0.846 0.85 436 
192 0.022 16.84 28.7 0.942 0 95 466 
191 16. 26 1.00 
50 51 52 3 54 55 56 
2 <= 
=~ = 
- 
2 4.55 21.0 1.296 185 0.357 143 
&S 4.61 222 1.225 190 0.022 0.379 152 
9 4.70 23.9 1.139 198 0.057 0.414 166 
0 4.78 25.6 1.062 201 0.085 0.442 177 
2 4.82 26.5 1.027 206 0.103 0.460 184 
5 4.85 27.2 1.000 207 0.112 0.469 188 
5 4.85 272 1.000 208 0.112 0.469 188 
Ss 4.84 26.9 1.012 207 0.103 0.460 184 
5 4.80 26.1 1.042 202 0.085 0.442 177 
7 4.73 24.6 1.106 198 0.057 0.414 166 
0 4.63 22.6 1.203 189 0.022 0.379 152 
0 4.55 21.6 1.296 185 0.357 143 


rected values of columns 17 to 19. 
It is now seen that further repetition would not materially 


49 


Similarly 


x Col. 


7.26 X Col. 3 


4 
39 


I 


te 


MV, from Operation No. 10 


2000 


$21 
132( 
1724 
2016 
214 


20900 


18200 


13100 


26 
69 


columns 22 


ROD 


7 
0.357 
2800 0.379 
S000 0 414 
12700 0.441 
16900 0 459 
19600 0. 468 
21000 0. 468 
20500 0.459 
17900 0. 441 
12900 0.414 
5200 0.379 
0.357 
5a 60 
246 9 
240 
231 10 
223 (10 
19 10 
217 11 
217, 
217 11 
22 10 
228 10 
238 9 
246 


1623 


45 46 
3 
143 143 
152 155 
166 174 
176 189 
Is4 201 
187 207 
187 208 
184 205 
176 194 
166 179 
152 157 
143 143 
61 
§2 161 
19 171 
72 «#177 
99 183 
20 «185 
20 
13 184 
S6 180 
39 172 
74 161 
25 155 


Col 


40100 
40100 
40200 
40000 
40200 
40300 
40400 
40100 
40100 
40000 
39900 
40100 


to 24 give cor- 


33 41 43 44 47 
| 
227 
24 930 
75 234 Z 
132 239 
ISS 241 
245 243 
209 = 243 
352 7 242 
398 240 
438 i 237 
470 232 
227 
= 57 58 62 
nN 
4 + 
> = 
G4 143 16 | 
97 15516. 
10 174 17. 
109 190 17.94 
112 201 18.25 
114 208 18.47 
114 209 18.47 
11: 205 18.4 
195 18.1 
105 179 «17.57 
99 157 16.84 
94 143 16.26 
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change the result, and taking the values of M in column 24 as final, 
we may proceed to find K by [3]. It is seen that the greatest stress 
is at 45 per cent the length of the rod from the crosshead end, not 
at 60 per cent as usually assumed. 

50 Problem No. 2 is to design a rod for the same engine as in 
problem No. 1, so that there shall be a uniform stress of 40,000 lb. 
per sq. in. under a load of 400,000 lb., that is, with P five times as 
great as previously assumed. For a starting point we may take M,, 
v and e from problem No. 1. Then by [8] 


400,000 x 3600 x 0.279 


(30,000,000 8 7.37) — 


A= = ().707 in. 


x 400,000 x 3600 


This high value of A would indicate that our assumed rod is too 
small, since, as a rough rule, a column may be considered as no 


longer serving its purpose when the deflection is greater than 100 
which, in our case, would be equal to 0.6 in. By [9] 
M,; = 400,000 (0.2625 + 0.0198 + 0.707) = 396,000 in. Ib. 


To this we add M,, giving M = 407,740, and from this, multiplying 
by 1.133, the corrected bending moment is equal to 462,000. 
51 In problem No. 1, graphical operation No. 2, we had by [5] 


30,000,000 8.34 10 


1 = “60 x 10,000 x 200 x 4 


= 5.21 in. 

In operations Nos. 3 to 5 we kept this value for H by changing S from 
10,000 to 40,000 and x from 200 to 50. Similarly, we may now in 
problem No. 2 change S to 400,000 in. Ib. = 1 in. and change z to 
5, and we shall still have H = 5.21 in. 

52 By operation No. 6, using the constant corrected. bending 
moment of 462,000 in. lb., we get the deflections as given in column 
2 of Table 2. Taking the same value of e as in problem No. 1, we 
get f + e in column 8, which multiplied by P gives values of M, 


Pd Pd 


MI, 
in column 4. Values M;, M, 8? M + 8 and 3 in Tab‘e 2, 


are expressed in thousands of inch pounds. We then add values 
of M, and get values of M in column 5. 

53 Taking values for d inside the cube root sign, in [10], from 
column 6 of Table 1, we get new values of d as shown in column: 
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MI, 


9, and from these, new values of J, and We are now ready 


to get, by operation No. 7, the new deflections shown in column 13. 
In operations Nos. 6, 7, 8, 9 and 12, values of H are proportiona to 
I, and are respectively 5.21, 5.30, 3.94, 3.42 and 3.40. In this 
respect problem No. 2 is unlike problem No. 1 where H is constant. 
It should also be noticed that e is variable, since the value of d in 
[7] changes with each repetition of Mohr’s method. 

54 Columns 14 to 23 carry out the same computation as column 
3 to 12 and, after obtaining by operation No. 8 the deflections of 
column 24, we repeat in coumns 25 to 34 the same computation. 
Operation No. 9 now shows deflections so nearly the same as those 
previously obtained that further repetition of the same line of ca cu- 
lations seems unnecessary. 

55 We have thus far constantly used values of M, from column 
5 of Table 1, and must now eliminate this source of error by 
findmg new values derived from the weight of a rod with diameters 
as given in column 31. Weights thus obtained are given in column 
37. 

56 We have assumed that the maximum bending moment due 
to inertia forces will be caused when the piston has traveled 38 per 
cent of the stroke, while according to the usual assumption the 
piston would have traveled about 44 per cent. Reading from Fig. 
1 values of b, for 44 per cent stroke and taking values for 38 per 
cent stroke as already found, we find values of P,, from [3] in columns 
40 and 41. This gives us finally, by operations Nos. 10 and 11, 
values of M, at 38 per cent stroke in column 42, and at 44 per cent 
stroke in column 43. It will be seen that while the differences are 
not large, values in column-42 are somewhat larger than those in 
column 43, and we may therefore continue to assume that the maxi- 
mum bending moment occurs at 38 per cent stroke. The exact posi- 
tion for the maximum bending moment will evidently depend upon 
the distribution of weight in the rod. 

57 Weare now ready to run through our computation in columns 
44 to 53, similar to columns 25 to 34, using the new values of M, of 
column 42 to add to M; in column 45. 

58 Graphical operation No. 12 gives deflections of column 54 
and these are so nearly the same as those in column 35 that we may 
take them as final. Adding e, multiplying by P and adding ,, we. 
get our final bending moments in column 57. From our final diame- 
ters in column 50 we get A and W, and then A may be found by [3]. 
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The stresses in columns 59 and 61 are expressed in hundredths of 
pound per sq. in., and their sum, in column 62, should be 40,000. 
This does not, however, serve as a check on the graphical work. 
59 For a comparison with the usual methods we may calculate 
the maximum diameter of a connecting rod, for the conditions of prob- 
lem No. 2, by the formulae given in Kent." Since P = 80,000 Ib. 


i4 P 
D' p \ 


Using these values and that of / = 5 ft. we may obtain the following 
table 


No. of formula... 3 j 10 
Diam. of rod, in 5.80 | 5. 3.1 6.48 and 3.94 8.47 6.48 and 6 82 


Since neither factors of safety nor maximum stresses are stated with 
these formulae it is difficult to make a choice between them. 
60 In the German handbook Hiitte may be found the formula 


P= Sp 


where S is the factor of safety against buckling, for which a value of 
25 is given, and F is the modulus of elasticity. Taking S = 25 and 
E = 30,000,000, the formula reduces in English units, for a rod of 
circular section, to 
d= 
592,000 

where 

d = maximum diameter of rod at center, in in. 

P = axial thrust on rod, in lb. 

i = length of rod, in in. 
This gives for our case, d = 4.70 in. which happens to be the average 
of the diameter at the end and at the middle as found by the graphical 
method. 

61 The maximum stress in this rodis however much less, as found 

by the usual analytical method than as found graphically. Using 
the formula given in paragraph 5, assumption c, 


Wm. Kent. Mechanical Engineers Pocket Book, p. S00. 
4 Hiitte des ingenieurs Taschenbuch, Akademischer Verien Hiitte, Berlin, 
ed. 20, p. 838. 
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M, maximum = 0.0638 whee 


we find the maximum bending moment to be 19,550 in. lb. Assum- 
ing that the rod has a diameter of 4.70 in. at the point of maximum 
bending moment, the maximum stress, according to [3] would be 


100,000 19,550 
17.40 10.20 


= 24,900 lb. per sq. in. 


62 That the stresses found by the graphical method, and given 
in column 62 of Table 2, are so much greater is mainly due to the 
introduction of an eccentricity of loading. If e = 0, then, as- 
sum ng the deflections to remain as given n column 54 


M, = 400,000 * 0.112 = 44,800 in. lb. 


Adding M, = 21,400 from column 42, we get Ws = 66,200 from which 
66,200 

the maximum stress due to bending would be 11.20 = 5920 |b. 

per sq. in. which would be a great reduction from the value o 18,700 

given in column 61. If we omit MM; entirely, W becomes equal to 


21,400 
M, and the maximum stress due to bending is equal to = 


11.20 
1910 lb. per sq. in. or practically the same as found analytically. 

63 Problem No. 3 is to find the stresses in the rod calculated in 
problem No. 2, when P = 80,000 lb. The method is similar to that 
used in problem No. 1, but we may simplify it somewhat by starting 
with the deflections as found for problem No. 2, instead of calculat- 
ing A from v as before. The numerical work is shown in Table 3, 
in which all bending moments are expressed in hundreds of inch 
pounds. The graphical work is shown ‘n Fig. 3, operat ons Nos. 13 
and 14. 

64 Columns 17 and 18 of Table 3 are used in checking our 
assumption that P = 80,000 lb. We have assumed that the piston 
has made 38 per cent stroke, and that the pressure upon it is 80,424 
lb. Then in column 17 we have values of 6, from Fig 1b and from 
i6], the axial component of the inertia forces is equal to 


P, = 17.26 wb, 


RR Taking weights from column 37 of Table 2, we get values of P, 


in column 18, and the sum of this column is 816.5 lb. The inertia 
foree of the piston weighing 700 |b, will be 


g 
| 
| 
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| 
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700 X 17.26 X 0.168 = 2030 lb. 
acting against the pressure on the piston. Then P will be equal to 


80,424 — 2030 3 
810 = 79,100 Ib. 


where we have assumed the value to be 80,000. 
65 It should be noticed that, in the case of a column or connect- 
ing rod, the maximum stress is not directly proportional to the load 


TABLE 3 NUMERICAL WORK FOR PROBLEM NO. 3 


Distance of Section From 


2 
4 |X g t+ |” xX+ + + 0 
a 2 2 @ 2) © = 2 = 
0 | 286 286 370 0.357 286 286 370 0.357 286 286 4920 3090 8010 0.168 
5 | 304 333 408 0.006 0.363 291 320| 392 0.005 0.362 290 319 4790 3320 8110 0.166 81.3 
15 | 332 414 472 0.015 0.372 298 380, 433 0.013 0.370 296 378 4610 3710 8320 0.164 82.5 
25 354 486 515 0.023 0.380 304 436, 462 0.020 0.377 302 434, 4460 4060 8520 0.161 84.7 
35 368 540 554 0.028 0.385 308 480, 492 0.025 0.382 306 478 4380 4340 8720 0.159 85.5 
45 376 577 577 0.030 0.387 310 511| 511 0.027 0.384 307 508 4330 4540 8870 0.156 85.0 
55 376 | 590 590 0.031 0.388 311 525 525 0.027 0.384 307 521! 4330 4640 8970 0.154 83.9 
65 368 577 584 0.028 0.385 308 517 523 0.025 0.382 306 515 4350 4630 8980 0.151 81.8 
75 354 536 558 0.023 0.380 304 486 505 0.022 0.379 303 485 4420 4470 8890 0.149 79.2 
85 332 463 510 0.016 0.373 298 429 474 0.014 0.371 297 428 4560 4120 8680 0.146 75.3 
95 304 357 429 0.006 0.363 291 344 413 0.005 0.362 200 343, 4750 3520 8270 0.144 71.3 
100 286 286 370 0.357 286 286, 370 0.357 286 286, 4930 3090 8010 0.143 


P. Thus if we assume in problem No. 2 that the ult mate streng h of 
the material is 80,000 lb. per sq. in., we can not say that the factor 
of safety is 10 although a stress of 40,000 lb. per sq. in. would be 
obtained with a load five times the actual maximum load. In prob- 
lem No. 3 the maximum stress was found to be 8980, and hence the 
factor of safety would be 


80,000 


8.90 


66 It has been assumed ‘n the problems that the rod ends had no 
weight, or what is the same thing, that their inertia forces acted 


| 
| 
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directly on the pins and so brought no stress upon the shaft of the 
rod. That there may be considerable error in this assumption is 
pointed out by Bach” in his conclusion that the resultant of all 
the inertia forces of the rod, including the ends, may pass through 
the crank pin, or in he case of a rod with a very heavy crank end, 
may fall beyond the pin. 

67 This assumption is, however, not a necessary part of the 
method here proposed, since all equations, with the exception of 
[7] and [10], apply to a rod of any section. If we wish we may calcu- 
late the necessary diameters of a rod of full length to include the ends, 
and then make the end sections of the same area and sect on modulus. 

68 The method of calculation described in this paper furnishes 
a means of find ng the stress or the factor of safety at any point of 
a connecting rod. The usual assumptions are avoided, the only 
assumption necessary being in regard to the proper value of e to 
allow for lack of homogeneity of material as well as actual eccen- 
tric ty o loading. It is evident that the greater the eccentricity 
assumed, the smaller will be the factor of safety required. 


%C. Bach. Die Maschinen-Elemente, p. 774. 
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INTERCHANGEABLE INVOLUTE GEARING 


By WILFRED Lewis, PHILADELPHIA, Pa. 


Member of the Society 


This paper was prepared at the request of the Meetings Committee 
of The American Society of Mechanical Engineers as the contribu- 
tion to the discussion upon the need of a standard or standards for 
gears to be considered at the Joint Meeting with the Institution of 
Mechanical Engineersin July 1910. By way of explanation, it may be 
said that its author is chairman of a committee on Standards for 
Involute Gears, appointed about a year ago by the president of The 
American Society of Mechanical Engineers to investigate the subject of 
interchangeable involute gearing, and to recommend, if found desir- 
able, a standard or standards. This paper, however, is not to be 
considered as an expression of the opinions of the other members 
of the committee, except where so stated. 

2 After more or less unsatisfactory experience with cycloidal 
gearing, I investigated about twenty-five years ago the subject of 
involute gearing with the object of determining upon a system, for 
the firm of Wm. Sellers & Company,with which I was then connected. 
The conditions imposed called for a system applicable to any number 
of teeth between a 12-tooth pinion and a rack, without change in 
the Sellers addendum which had always been made 0.3-pitch for the 
cycloidal teeth, hitherto used almost exclusively by them. 

3 I found that the involute forms then in vogue were confined to 
obliquities of 145 deg. and 15 deg. with an addendum equal to the 
modulus, or about 0.32-pitch. This long addendum with such small 
obliquities naturally gave rise to interference between racks and 
pinions of less than 30 teeth, and rather than modify the involute 
form I finally recommended the adoption of a pressure angle of 20 
deg. At the same time, I was well aware of the fact that even this 
obliquity was not sufficient to prevent interference between a 12- 


Presented at the Birmingham, England, Meeting (July 1910) of The Ameri- 
can Society of Mechanical Engineers and The Institution of Mechanical 
Engineers. 
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toothed pinion and a rack, but for such pinions and the gears of 60 
teeth or less, with which they commonly engaged, I believed the inter- 
ference would not be noticeable in practice. I was strongly tempted to 
go further and fix upon an obliquity of 225 deg., but 20 deg. then 
appeared such a radical departure from common usage that the advan- 
tages of the greater angle were dismissed as being possibly more theo- 
retical than real. 

4 The20-deg. system withan addendum of 0.3-pitch has now been 
in use by Wm. Sellers & Company for twenty-five years and has given 
satisfaction in a general way, although the interference referred to has 
been more or less noticeable on 12-toothed pinions. I reviewed this 
matter ten years ago in a paper read before the Engineers’ Club of 
Philadelphia, advocating an obliquity of 22} deg. and suggesting as a 
much-needed reform in engineering practice the consideration of 
uniformity in interchangeable gearing. I then pointed to the action 
of the Franklin Institute more than thirty years earlier, which inau- 
gurated a standard system of screw threads and expressed the hope 
that by the interchange of opinions an agreement among engineers 
might be reached leading to the gradual disappearance of needless 
diversity in the forms of gear teeth. 

5 Nothing in this direction had been done however, when the 
subject of interchangeable involute gear-tooth systems was brought 
to the attention of The American Society of Mechanical Engineers in 
a paper by Ralph E. Flanders presented in December 1908. A num- 
ber of systems in general use were analyzed and their merits discussed 
from various points of view and the desire expressed that the Council 
be petitioned to appoint a committee to investigate the subject of 
interchangeable involute gearing and, if found desirable, to recom- 
mend a standard or standards. 

6 In answer to this petition the Council voted in January 1909, 
that the President appoint a committee of five members to formu'ate 
standards for invo'ute gears and present the same to the Council. 
Without anticipating in any way the conclusions of this committee 
yet to be formulated, if indeed an agreement be possible, I believe it 
will be helpful to give publicity to the line of investigation upon 
which we have embarked and thus obtain the benefit of such criti- 
cism or encouragement as it may provoke. 

7 At the first meeting of the committee in June 1909, it was 
decided to obtain an expression of opinion from the manufacturers 
of gears and gear cutters and later in October the following circular 
letter was sent out: 
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Dear Sir: 

A committee of The American Society of Mechanical Engineers has been 
appointed to consider the subject of standards for interchangeable involute 
gears, and would like to have as much light upon the subject as can be given 
them by the manufacturers. 

Without limiting in any way the type of gears to be used for any special ser- 
vice, it is believed to be desirable that some type should be known as standard 
so that any gears of that standard may run together and be perfectly inter- 
changeable. 

The committee is, therefore, interested to know the extent to which involute 
gears are modified in your practice to avoid interference, and it would be 
pleased to have your ideas as to what, in your opinion, should constitute stand- 
ard interchangeable involute gears. Any suggestion you may be pleased to 
offer will be very much appreciated. 


Yours truly, 
Witrrep Lewis, Chairman 


Huco BILGRAM Committee on Standards 
I. R. Fettows for Involute Gears 
C. R. GABRIEL 


GAETANO LANZA 


8 In response to the circular letter above referred to, about one 
hundred answers were received, expressing more or less interest in 
the subject and giving more or less conflicting preferences and con- 
clusions. 

9 One correspondent said he would hail with delight any system 
whereby complete interchangeability could be attained on gears 
running without noise up to 1000 ft. a minute, as among automobile 
manufacturers noiseless gearing was always the chief end in view. 

10 It is undoubtedly true, as pointed out by other correspondents, 
that perfect cutters do not necessarily produce perfect gears and that 
close attention must be paid to the setting of the cutter, proper index- 
ing, speed, feed, etc., and from the extent to which the present 14}- 
deg. system is established, it has been argued that even if the pres- 
sure angle ot 143-deg. were not the most desirable, it would be better 
for the sake of the established practice to let it alone. Quite a num- 
ber share this opinion and argue against the recommendation of a 
standard which may simply add another system to those already in 
use. 

11 It may be said in reply that the chief advantages of involute 
gearing over cycloidal gearing which it has pretty generally displaced 
are the comparative simplicity of the involute curve and a slight 
variation in center distances not permissible in any other system of 
gearing. Despite the difficulty of securing general recognition for 
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any system of interchangeable gearing, I believe the committee should 
investigate and report upon some ideal standard or standards. 

12 Attention is called by a number of correspondents to the 
increasing number of gears cut by the hobbing process and the diffi- 
culty of making such gears interchangeable with certain cut gears, 
thus indicating the hobbing principle as the first principle to which 
all cutters should conform, the rack being the basis of all generated 
gears. it is admitted that hobbed gears can be used interchange- 
ably with gears cut by certain other processes, but some doubt 
is expressed of the possibility of realizing an interchangeable system 
using pinions with a small number of teeth and teeth of reasonable 
length without resorting to some modification of the involute 
curve. The opinion is freely expressed that if such modification 
becomes necessary the method should be known and clearly 
defined, so that makers of gears can adopt it and, if necessary, make 
their own cutters. 

13 As pointed out in Mr. Flanders’ paper and as mentioned repeat- 
edly by our correspondents, the most desirable quality in gearing 
and the one by which it is almost universally judged, is quietness and 
smoothness of running. Next to this come strength, durability 
and permanence of form, and upon the last, of course, depend con- 
tinued quietness and smoothness of action. Friction and journal 
pressure are of less importance, but still worth considering, and 
before reaching any conclusions from theoretical considerations 
alone, we propose to determine if possible, in a practical way, the 
relative advantages of some of the systems in common use and, with 
these, other systems to which we are disposed to give favorable con- 
sideration. 

14 It is understood that the Institution would be pleasedto have 
the codperation of the Society in the work they have in hand looking 
to a determination of the triction in the transmission of power by 
gearing. In this connection we have been reminded of a sugges- 
tion of Prof. J. Burkitt Webb of Stevens Institute of Technology 
made soon after the publication of the Sellers’ experiments upon gears 
reported to our Society in 1885. In these experiments an attempt 
was made to measure the friction loss between the teeth of a pair 
of spur gears, but the apparatus used, made originally for testing 
the friction of worm gearing, was not delicate enough for the purpose 
and the errors introduced exceeded, in some cases, the net result. 

15 Professor Webb then suggested the possibility of so dividing 
one of the pair of spur gears to be tested as to make the load on the 
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teeth self-contained. The apparatus which we have designed embod- 
ies this idea, thus making it possible to run gears under heavy loads 
at high speeds with a very small consumption of power. We have 
also provided in our apparatus for an adjustment of center distance 
and means to measure the thrust between centers while the gears are 
running. Of course, the thrust between centers can be estimated 
very closely for involute gears trom the pressure angle on the teeth, 
but we anticipate results somewhat in excess of this on account of 
the excess in friction of approach over that of recess, and, it any but 
involute gears are tested, it will also be interesting to compute from 
experimental data the effective obliquities of other systems. 

16 We propose to determine the friction 'oss under various 
speeds and pressures for wheels and pinions cut to the Brown and 
Sharpe 143-deg. standard, the 20-deg. stub tooth and a 22}-deg. tooth 
with addendum of { module or about 0.278 pitch. These gears will 
be tested at normal center distance, and also at distances about 1 
per cent or 2 per cent of the pitch greater or less than this, and an 
effort will be made to record graphically the noise produced under 
these different conditions. 

17 We believe that accuracy and permanence ot form can thus be 
given their proper influence on the reduction of noise. It may take 
some time to determine the effect ot wear, but from the method of 
loading the teeth and the small amount of power consumed some 
indication of the tendency of wear can be obtained. All gears tend 
to wear out of shape, and involute gears more so than cycloidal, 
but we recognize as a possibility that this tendency may be checked 
by the deformation itself and also that the loss in friction at different 
parts of a gear tooth is practically incalculable on account of the 
variations in friction tor different velocities of sliding. 

18 The experiments we propose should therefore give informa- 
tion unobtainable in any other way and throw a flood of light on the 
problem in hand. 

19 As it is quite impossible for any of the committee, who are 
all busy men, to make the experiments here outlined, we have been 
fortunate enough to interest, through the intervention ot Professor 
Lanza of the Massachusetts Institute of Technology, two of his 
undergraduates, Messrs. Green and Doble, in making these experi- 
ments the subject matter for a graduating thesis. Professor Lanza 
hoped to have the wo.k completed in June so that the results might be 
communicated for discussion at our Joint Meeting in July but this 
has proved impossible, partly because of the magnitude of the under- 
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taking and partly of the delay in the completion of the testing ma- 
chine. 

20 The apparatus used in making these experiments is shown by 
the photographs, Fig. 1 and Fig. 2, and the line drawing, Fig. 3, which 
gives some of the principal dimensions and shows the knife edges on 
which the machine rests. The machine consists of a frame A designed 
to carry a pinion shaft in roller bearings at one end, and a frame B 
pivoted to it and designed to carry the gear wheels W engaging with 
a wide-faced pinion P on the pinion shaft. The frame B is held to the 


Fic.1 Gear Trestinc MAcHINE 


frame A at its outer end by an adjustable clamping bolt C, and pro- 
vision is made to measure the thrust on centers by means of the spring 
D acting between the frame A and an adjustable abutment on the 
frame B. The gear wheels to be tested consist of a central gear with a 
wide face and two side gears with narrow faces. The central gear car- 
ries two heavy cross pins G, which pass through clearance holes in the 
side gears, and the side gears carry two heavy pins H, which pass 
through clearance holes in the central gear. Between the projecting 
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ends of these pins G and H, heavy helical springs S are inserted, upon 
which pressure can be applied by means of the set screws K. 

21 The pressure of these four springs S is resisted by the gear 
teeth, the middle gear pressing against one side of the pinion teeth 
and the side gears pressing against the other side. The pinion thus 
becomes simultaneously a driver.and a driven gear and the power 
required to turn it when loaded in this way is only that required 
to overcome the friction of the teeth and whatever resistance there 
may be in the gear journals. The latter presumably is very small 


Fic. 2. VIEW SHOWING ARRANGEMENT OF PIVOTED FRAME AND SprRING FOR 
MEASURING THRUST 


indeed, but provision has been made to measure it by substituting 
plain cylinders without teeth for the gears and pinion, and running 
these under the same journal pressures. By deducting the resistance 
due to journals from the total resistance with running gears, the 
friction of the teeth alone can be determined. 

22 In operation this machine is driven by an extension to the 
pinion shaft, carried to bearings several feet distant to permit of 
ample flexibility. The knife edge directly beneath the pinion rests 
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upon a permanent support, and the other knife edge is carried upon 
the platform of a small platform scales. The driving moment in 
the pinion shaft will theretore be measured by the scale reading at 
the end of an arm 20 in. long, and by reversing the direction of motion 
given to the pinion shaft the effect of any initial lateral strain in the 
driving shaft can be eliminated. 

23 «Fig. 4 illustrates three types of gearing to be tested by Messrs. 
Green and Doble, and with these other types may be included later 
on. 


Fic. 3. Dracram or Gear MACHINE 


24 Figs. 5, 6 and 7 illustrate a group of involute gears designed 
by Mr. Bilgram to engage a rack of 15-deg. obliquity, and to demon- 
strate the possibility of using pinions ot ten or even nine teeth with 
such a rack, provided the addendum can be varied. Without wishing 
to advocate the use of a variable addendum in interchangeable gear- 
ing, it is interesting to note the possibility of making a tentative solu- 
tion of the problem in this way. A set of these gears has kindly been 
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furnished by Mr. Bilgram for making a comparative test. He has 
also made a set of models, from which the figures have been photo- 
graphed, and referring to them, he gives the following explanation: 
25 ‘While the involute system of gearing has decided advantages 
over any other, it has the one disadvantage that the faces of the 
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teeth of wheels come into interference with the flanks of pinions, if 
the latter have a comparatively small number of teeth. Unless the 
flanks of the latter are undercut, the teeth will interlock or at least 
mesh improperly. 

26 “In making a single pair of wheels, a remedy can readily be 
applied. There are two ways in which interference can be avoided, 
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namely either by increasing the angle of pressure or by shortening 
the addendum of the wheel. If the latter method is chosen and it 
is desired not to reduce the working depth of the teeth, it is necessary 
to add to the addendum of the pinion the amount taken trom the 
addendum of the wheel. 

27 “This latter method is out of the question when the problem 
is given to make an interchangeable set of spur wheels from a rack 
down to a 12-tooth pinion. This problem may be solved by a com- 
bination of both remedies alluded to.” 


Fic. 5 Biteram System: with UNpercut TEETH 


28 The method consists of making racks and larger wheels with 
normal addendum, but increasing the addendum of pinions just 
enough to prevent the rack tooth from interfering with the flank. 
The samples presented (Figs. 5 to 7) consist of a rack R and a 36-tooth 
wheel W, with angle of pressure of 15 deg. and addendum equal to 
the modulus. The 12-tooth pinion A, generated by a rack, corre- 
sponding to rack R, shows the undercutting thereby produced. Ob- 
viously this pinion will not work, as so much of the involute is cut 
away that the path of contact is materially less than one pitch. 
But there are also shown pinions of twelve, ten and nine teeth, made 
with increased addenda. These were generated by a rack like R, 
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Fic. 6 Bitcoram System: Pinions witH INCREASED ADDENDA IN MESH 
witH GEAR 


Fic. 7 Brtaram System: Prnrons INCREASED ADDENDA IN MESH 
witH Rack 
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but with a somewhat greater addendum than that used in generating 
the wheel W and a somewhat greater cutting depth. If these pinions 
are then mated with wheels of a large number of teeth, they will 
not enter as far as with pinions of equal number of teeth and have 
therefore a slightly less working depth. 

29 On this plan may be based a system of involute gearing with 
a working depth of twice the modulus, and with a moderate pressure 
angle, 15 deg. in the samples submitted. Pinions of a small number 
of teeth will have an increased addendum, but a theoretically correct 
action is maintained. The pinion teeth have a wide base and are 
strong. One disadvantage in those cases in which pinions with less 
than about 24 teeth are embraced, is that the center distance is 
greater than that computed by the usual rule from the modulus 
and the number of teeth of the meshing wheels. Moreover, pinions 
will not have the full working depth when meshing with large wheels 
or with racks, but even in the case of a 10-tooth pinion meshing with 
a rack, the path ot contact exceeds one pitch so that at least for a 
portion of the action two teeth will be in contact simultaneously. 

30 The plan proposed by Mr. Fellows is to use an involute with 
an angle of pressure of 20 deg. and to reduce the addendum to ? of 
the modulus. Such teeth are known as “stub teeth”. By this method 
interference in case of a rack gearing with a 12-tooth pinion is just 
avoided and in the case of two 12-tooth pinions meshing with each 
other the path of contact is equal to about 1} of the pitch. 

31 Mr. Gabriel prefers the 14}-deg. standard of the Brown and 
Sharpe Manufacturing Company and he has prepared a contribution 
to the discussion expressing his views on the subject. 

32 The system which | propose is that of a pressure angle of 
22% deg. and an addendum of { of the modulus. 

33 I believe that an interchangeable system of involute gear- 
ing, to be of the greatest value, should extend from a 12-tooth pinion 
to a rack, and in the selection of gears to be tested we have chosen a 
12-tooth pinion engaging a 60-tooth wheel. The maximum reduc- 
tion with the maximum strength in a limited space is the problem 
in gearing that generally confronts the engineer and a ratio of five 
to one is very often as much as he can realize without sacrificing too 
much strength. I recognize, ot course, that the adoption of a 
larger number of teeth in the smallest allowable pinion overcomes 
some difficulties, and that this may be a debatable point, but I 
do not think any system of interchangeable gearing will be satisfac- 
tory which does not include pinions of twelve teeth. The cycloidal 
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system formerly employed was based upon a 12-tooth pinion, and I 
believe this number can be retained for the smallest number in an 
interchangeable involute system without serious objection. That is, 
there is better ground for the retention of this minimum number than 
for a higher number and when the pros and cons have all been summed 
up there will be no change in this well-established minimum for inter- 
changeable pinions. 

34 Although the experiments made under the direction of Pro- 
fessor Lanza are not by any means conclusive; enough has been done 
to indicate that the friction loss in gear teeth is influenced to a greater 
extent by the length of the addendum than by the obliquity of the 
system. Theoretically, the friction loss in involute teeth is indepen- 
dent of the obliquity and increases with the addendum. The loss in 
journal friction should vary as the secant of the pressure angle, but 
the latter is also affected by the dead weight on journals which even 
with plain bearings is a small matter, while with ball or roller bearings, 
it is a very trifling consideration indeed. 

35 I believe therefore that a pressure angle of 22} deg. can be 
adopted without fear of reduced efficiency in the transmission of 

power; that an addendum of 3 module will give an ample arc of 
* action for all combinations of gears between a 12-toothed pinion and 
a rack, and that true involute forms made to these constants will 
avoid the necessity for any empirical modifications and give results 
comparable with the best now obtained by such means. 


TOOTH GEARING 


By J. D. Steven,! Assoc. Mem. I. M. E. 


ABSTRACT OF PAPER 


A paper upon Tooth-Gearing was also presented at the same 
meeting by J. D. Steven, copies of which have Leen sent to the 
members of the Society. In this paper different methods of cutting 
gears were discussed and different systems of tooth design were 
compared, with the conclusion that conditions have so radically 
changed during the past two years that there is every reason to 
consider the question with an open mind. If a new form of tooth 
is desirable, he believed that a stub tooth with 20-deg. pressure angle 
would be a change in the right direction, because it can be used in 
its true form down to 12 teeth; it is a stronger form and is most 
commonly used; and a large proportion of its face does useful work. 


1 Messrs. E. G. Wrigley and Co., Soho, Birmingham, Eng. 
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DISCUSSION 


Below is given the discussion presented at the meeting on the papers by 
Messrs. Lewis and Steven. This discussion will remain open until Novem- 
ber 1 and additional contributions or comments are solicited from those 
interested. 


P. V. VERNON! said he was present at the meeting as a patient 
and not as a doctor. He was connected with a firm of machine-tool 
makers, which had made many long and costly experiments with a 
view of determining, not what he might call academic points in the 
design of gearing, but for the purpose of obtaining a system of gears 
that would run silently at high speeds. His object in speaking was to 
ask that something might be done to discover the points that would 
give silence in gears, as until gears could be obtained which ran silently 
the question of making them interchangeable could hardly be pro- 
fitably considered. The results of the experiments which his firm 
had made had been very small in the way of positive knowledge, but 
they had been very great negatively in the way of teaching them how 
very little anybody really knew about gearing. Among the negative 
results were the following: In the first place, it appeared that there 


was no general agreement among engineers or gear makers as to the 


best angle of pressure to use; there was no general agreement as to the 
proportions of gear teeth which were the best for quiet running; 
there was no reliable information on the strength of cut teeth made 
by modern methods in various materials and running at various 
speeds; there was no reliable information at present available on 
the effect of different materials on the strength, the noise, and the 
wear of gear teeth. It appeared, in fact, exceedingly doubtful whether 
it was possible to make an interchangeable system of gear teeth at 
all for quiet running. 

2 Previous speakers had stated that the involute system was 
imperfect; engineers knew that the epicycloidal system was dead; 
and the results of the experiments which his own firm and others 
had made had proved that involute teeth did not give a quiet gear; 
that epicycloidal teeth did not give a quiet gear; that hobbed gears 
were not quiet, and that planed gears were not quiet. But there was 
one kind of gear which was quieter than all those, namely, the gear 
with “‘faked”’ teeth. It now was well known that the gears which 
gave the quietest results in running were those on which an empirical 


'Mem.I.M.E., Messrs. Alfred Herbert, Coventry, Eng. 
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correction of the tooth form had been made, and so far as he knew the 
means by which that correction was made were kept secret, and were 
in the hands of one leading American firm, of which a representative 
was present at that meeting. When Ralph E. Flanders read his paper 
before the American society in December 1908, this same representa- 
tive of that firm practically admitted that the only way to get quiet 
gears was to make an empirical correction on an experimental basis, 
and that the best thing for gear users to do was to trust to the experi- 
ence of that firm, which he (Mr. Vernon) supposed meant to buy 
their cutters from them. . He spoke at that meeting as a member of 
both the Institution of Mechanical Engineers and of The American 
Society of Mechanical Engineers, and wished to say that although 
the greatest credit was due to that firm for having made their investi- 
gations and experiments, it was not to the interest of gear users in 
America and in England that that knowledge should continue to re- 
main in their hands alone. He hoped the remarks he had made would 
do good by bringing the committee of The American Society of Me- 
chanical Engineers, who were considering gear questions, into touch 
with the committee of the Institution of Mechanical Engineers, so 
that investigations might be started with a view to ascertaining what 
were the corrections which needed to be made to ensure quiet tooth 
action, and so that such information, when obtained, could be placed 
in the hands of gear users in both countries. 


C. R. Gasriet. This discussion was prepared at the request of the 
Meetings Committee of The American Society of Mechanical En- 
gineers as a contribution upon standards for gears, and is submitted 
as a personal opinion, rather than a report, as the findings of the com- 
mittee up to date have not established definite conclusions. 

2 As stated, the committee received in reply to its circular letter, 
a large number of answers, but few contained comparative data and 
were largely expressions of theories or opinions, such as most engineers 
have advanced in explanation of the difficulties arising from improp- 
erly cut and noisy gears. The expression “improperly cut” is used 
advisedly, as from an experience covering a long period of years the 
writer believes that nine-tenths of all the trouble with noisy gears 
‘an be attributed to improper cutting. 

3 As regards the adoption of a standard, the opinion of the writer 
is that the present so-called Brown and Sharpe standard will hold its 
own against any system for the general run of machinery; and that 
for many of the cases where special cutters or forms of teeth are used, 
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the benefits of such modifications are more imaginary than real. The 
answer to the difficulties arising where high speed, durability and effi- 
ciency are required, will be found in the substitution of better mate- 
rial and better methods of treating in the hardening process. 

4 The present system is called by some an empirical one, but any 
carefully-worked out system will be so, as practice shows that decid- 
edly better results are obtained by certain modifications of the theo- 
retical tooth form. Teeth having an increase of pressure-angle and 
reduction of addenda to prevent undercutting on 12-tooth pinions 
would be subject to the same modifications which would put them in 
the empirical class, and any manufacturer of cutters would undoubt- 
edly strive to improve his cutters regardless of whether they were 
strictly in accordance with theory. 

5 The opinion is expressed that if such modifications are neces- 
sary, the methods should be known and clearly defined, so that mak- 
ers of gears can use them and make their own cutters, if necessary. 
The advantages to the gear manufacturer of making his own cutters 
are not apparent to the writer, as the difficulties attending the mak- 
ing of form cutters would prove expensive in comparison with the con- 
venience of using commercial stock cutters produced by reliable cut- 
ter manufacturers. 

6 Attention has been called to the increasing number of gears cut 
by the hobbing process, and the difficulty of making such gears inter- 
change with certain cut gears, thus demonstrating that the hobbing 
principle is the one to which all cutters should conform. This seems 
misleading, as the fact is not mentioned that this process has its limi- 
tations. It must not be overlooked that one great disadvantage 
arises from the difficulty experienced in producing accurate hobs. 

7 The method of producing gear teeth by the shaping process has 
also been actively exploited, and the committee’s attention has been 
called to the fact that it is an incidental feature of this process that 
the regular standard 14}-deg. cutters (on account of the side strain 
involved) are less durable than the usual form of revolving cutter, 
especially under rapid production requirements, and in tough mate- 
rial. The proposed 20-deg. pressure angle stub tooth materially in- 
creases the strength of the reciprocating gear-shaper cutter. The 
writer also calls attention to the fact that the stub-tooth system would 
greatly reduce the difficulties in producing the hobs for the hobbing 
process referred to above, and believes the committee should be very 
conservative in its recommendations, particularly where they appear 
to favor some method or methods of producing gear teeth. 
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8 As regards the forms of teeth referred to in the paper as sub- 
mitted by the other members of the committee, Mr. Fellows proposes 
to use an involute with 20-deg. pressure angle, and an addendum of 
¢ of the modulus. Mr. Lewis proposes an involute with 22}-deg. 
pressure angle, and an addendum of { of the modulus. Both of these 
systems are subject to criticism for general adoption, (a) because of 
increased angular back-lash, as compared with the present 14}-deg. 
standard for a like amount of wear; (b) decrease of addendum which 
is decidedly objectionable on the smaller pitches, as the liability of 
error in depth of tooth and center distance of shafts remains a con- 
stant for all pitches and sizes of gears, and the present height is none 
too great, being increased for these reasons for some purposes. 

9 Further, it is claimed for the stub-tooth system that the are of 
contact is equal to that of the 14}-deg. Brown and Sharpe standard, 
and that consequently the excess of tooth height in the standard sys- 
tem produces unnecessary friction and wear, which is eliminated in 
the stub-tooth system. The fact is not mentioned that in the Brown 
and Sharpe system the height of tooth permits of being eased off 
towards the point, with the result that it causes no friction if the in- 
tegrity of the tooth form is maintained, but as wear cannot be entirely 
eliminated this easing of the points of the teeth allows the enzaging 
teeth to come into action without shock, thus reducing noise and the 
dynamic action which tends to destroy the gears by the contacting of 
the teeth and is similar to hammer blows. Also, in practice the stand- 
ard length of tooth will conjugate itself with its mating gear, with the 
result that more than one set of teeth take the load. This may pro- 
duce extra friction, as claimed, but with properly lubricated gears 
this is a negligible quantity, as the unit stresses are divided over more 
than one set of teeth. The stub tooth has greater strength, but, for 
the reason cited above, does not prove as satisfactory for all-round 
service. 

10 In this connection, the writer wishes to refer to the situation 
in motor gears used in street-car service. From personal observation 
he has seen stub-tooth gears where this dynamic action seemed to 
have broken down the structure of the steel to such an extent that it 
came off in splinters where the points of the teeth seemed to have bit- 
ten the material away. The best results the writer has seen in this 
class of work are where gears and pinions have been cut to the 
Brown and Sharpe system and carbonized and case-hardened, with 
the result that after a year’s use there was only glazing of the con- 
tact surfaces. 
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11 As to the matter of testing, the committee are united on its 
desirability, but the writer does not believe that anything definite 
or conclusive can be obtained from testing a few pairs of gears. The 
tests should cover a large number of gears of more than one pitch 
and of several different ratios of teeth. These tests should be so ex- 
haustive as to leave no opportunity for engineers to feel that any- 
thing has been assumed. This means great expense and much time, 
and the writer would recommend that the codperation of all interested 
parties be secured, that a fund be raised for the purpose of employing 
competent engineers to conduct exhaustive tests with suitable appa- 
ratus, and that all available materials be used, so that the differences 
of opinion as to the efficiency of the various systems in use may be set 
at rest as far as possible. Also this should establish reliable data for 
proportions of gears of the various materials, now mainly a matter of 
judgment with the designing engineer, from which more gear failures 
result than from any fault of the system of teeth used. 

12 To sum up the situation, the writer believes that where the 
limits of an interchangeable system are from a 12-tooth pinion to a 
rack, the present system is superior to any which are primarily based 
on the generating principle, in which the pressure angle and tooth 
parts are proportioned to facilitate the methods of producing and 
strengthening the cutting tools, rather than to improve the inter- 
changeability or more quiet running of the gears, as that is a fact 
still to be demonstrated. The circular letter sent out by the committee 
brought out the information from one concern that it had experi- 
mented exhaustively with the hobbing system for a long time, with 
various tooth forms, but had gone back to the Brown and Sharpe 
standard, for which they had now worked out a most satisfactory 
method of making the hobs. This is another example of the working 
out of an empirical system, and any satisfactory system covering the 
range stipulated, which, as before stated, must be an empirical one, 
had best be left to responsible cutter manufacturers whose methods 
combine the theoretical with the practical. The present Brown and 
Sharpe system has proved itself eminently satisfactory for many 
years, and without most thorough investigation should not be given 
a place second to any other. Also the introduction of an alternative 
standard or standards is to be deprecated on the ground of causing 
confusion and economic waste, due to the increased stock of cutters 
required for use on all types of machines. 

13 In conclusion, the writer wishes to refer to the point raised in 
some of the replies to the committee’s letter, that the question of 
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standardizing gearing is of the same nature as screw-thread standard- 
ization, and can be treated in the same way. Without referring to the 
conclusions reached by the Committee on Screw Threads, the deliber- 
ations of which consumed several years, the writer fails to see wherein 
the problems set forth by the two subjects can be compared. The 
screw-thread situation was one to be settled by common consent of 
all concerned, while the problem of gearing is one that is worthy the 
life work of any engineer, and involves much of the higher mathemat- 
ics of engineering, as well as a thorough knowledge of applied kine- 
matics. The fact that such a comparison has been made by some 
writers on the subject, only serves to show an utter lack of apprecia- 
tion of the magnitude of the problem set before the committee for its 
consideration and recommendation to the Society. 


Luruer D. BuruinGAME said he appreciated all Mr. Vernon had 
said with regard to their policy at the Brown and Sharpe works, but 
he thought the point which had been raised was very well answered 
by the communication of Mr. Gabriel to which the members had 
just listened. Speaking for a manufacturer, at whose works for more 
than sixty years an extensive business in making gears and gear-cut- 
ters had been done, and which had had to deal with all phases of the 
gear question and meet the varying requirements of customers dur- 
ing those years, he could say they were not surprised that the differ- 
ent members of the committee of The American Society of Mechan- 
ical Engineers were not unanimous as to any plan which would bring 
about a change from the present standard. The thought seemed to 
be uppermost in the minds of those proposing a change that a stand- 
ard should be adopted having a true involute for the entire length of 
the tooth, even if sacrifices in other directions must be made to accom- 
plish that result. He believed the advantage, if any, of having the 
entire tooth a true involute was less than they would be led to believe 
by those advocating a change; indeed it was a matter yet to be demon- 
strated that the practical advantages of the form of tooth now in 
common use would not more than outweigh any theoretical advan- 
tages of a tooth wholly involute. The fact that the special require- 
ments at the present time were for teeth varying both ways from the 
present standard would indicate that they now had a good average to 
meet ordinary working conditions. Their experience went to show 
that for quiet running for a possible variation in center distance and 
to avoid back-lash, a small pressure-angle and long teeth were of ad- 
vantage, while for cases in which strength was the prime considera- 
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tion, even at the sacrifice of other advantages, the greater pressure 
angle and shorter teeth had their field of usefulness. Those varying 
needs were illustrated in automobile practice, where in some makes 
the cam-shaft gears were made with a small pressure angle and long 
teeth, while the driving gear was made with a larger pressure angle 
and shorter teeth, in each case for the reasons he had previously re- 
ferred to.* That strength in the latter case was secured at some sac- 
rifice was indicated by the illustration used by Mr. Gabriel in his com- 
munication, where he spoke of the injurious effects of the hammer- 
blow action when ‘“‘stub-tooth”’ gears were used in street-car service. 
The same destructive action had been noticed in stub-tooth gears used 
for automobile service. An engineer who had for many years made a 
specialty of gearing, and who was an expert on that subject, and who 
had in recent years been with one of the leading automobile manu- 
facturers of America, told him that he had repeatedly found the same 
destructive action spoken of by Mr. Gabriel when stub-tooth gears 
were used in various makes of automobiles. 

2 Mr. Lewis, in referring to the preliminary tests made by the stu- 
dents of the Massachusetts Institute of Technology, said they showed 
that the loss by friction was varied to a greater extent by the length 
of the addendum than by the angle of obliquity.!. As he understood, 
the tests to which Mr. Lewis referred were made entirely with roller 
bearings, thus reducing the bearing friction to a minimum. That 
friction, however, was one-third greater for the 20-deg. pressure angle 
than for the 143-deg. angle. With plain bearings, where the friction 
on the bearing would be much greater than with roller bearings, that 
factor favorable to the smaller pressure-angle might more than offset 
any advantage shown by the tests in favor of the greater pressure- 
angle as reducing friction. As plain bearings were more extensively 
used than roller bearings, the tests could not be considered complete 
without securing full data when using plain bearings. He agreed fully 
with Mr. Gabriel as to the need of exhaustive tests by competent én- 
gineers before any result could be accepted as authoritative. 

3 He wished to take the present opportunity of endorsing what 
Mr. Gabriel had said relating to other phases of the subject. He did 
not believe that any modification of the present standard which 
would require more cutters in a set to ensure good running gears 
would meet with favour among manufacturers, as it would add di- 
rectly to the cost of the equipment. All of the plans suggested in Mr. 


Given verbally by Mr. Lewis when presenting his paper.—Ep1iror 
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Lewis’s discussion were such as would require extra cutters in the set. 
Neither did he believe that any plan would be generally approved 
which would increase the amount of back-lash with a given variation 
in centre distance or with a given amount of wear. Unless some very 
important advantages could be shown for some new system yet to be 
suggested, it would seem unwise to bring about the confusion which 
would result from a change not fully endorsed by the manufacturing 
public. 


DaniEL ApAmson! wrote that, as no doubt Mr. Steven’s paper was 
intended to assist the proposed joint committee of the English In- 
stitution and The American Society of Mechanical Engineers, he 
thought that one or two important processes for the production of 
gearing, which were not mentioned, should be referred to. There was 
no mention of the Sunderland method of ‘generating spur gearing, 
the machines for which were at present being made by J. Parkinson 
and Sons, Canal Iron Works, Shipley. In this system the cutter took 
the form of a rack, and it was found that gears could be cut very much 
more rapidly than by rotary cutters, and the further advantage was 
that the cutters were much simpler and cheaper. Only one cutter 
was required for any number of teeth of a given pitch and the teeth 
were all correctly cut, as distinguished from the rotary-cutter system, 
wherein each cutter was only correct for the exact number of teeth 
for which it was designed. 

2 He thought it seemed hardly fair (at the bottom of p. 4) to 
quote as a “‘difficulty” the fact that gears produced in hobbing ma- 
chines by hobs cut to Brown and Sharpe standard would be unsuit- 
able for running with those cut to other standard shapes. This was 
the fault of the difference in the so-called ‘‘standards”’ and was not 
the fault of the hobbing method, but was in fact the main argument 
for an early standardization of all spur-teeth upon a definite system. 

3 Coming to worm-gears, there was no mention of the Gibson 
system, which was described in the Proceedings of the North-East 
Coast Institution of Engineers and Shipbuilders in 1896-1897, Vol. 13. 
This system should certainly have some consideration, as he believed 
more worm-gears had been cut by this method and by the subse- 
quently improved method introduced by Hy. Wallwork and Co., of 
Manchester, the licensees of the Gibson system, and known as the 
Wallwork-McClean method, than by any other system. 


' Messrs. Joseph Adamson and Co., Hyde, Eng. 
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4 Inregard tothe question of models of teeth (p. 6), there ought 
to be some consideration given to Lasche’s paper in the Zeitschrift des 
Vereines deutscher Ingenieure for 1899, Vol. 48, wherein was described 
a system recommended by its author for the use of the A. E.G. This 
system was based upon a 15-deg. angle of pressure with an addendum 
of 14 module for the driver and } module for the driven wheel, and 
bore some resemblance to the Bilgram system referred to in Wilfred 
Lewis’s paper. There were many advantages claimed for it, namely, 
a stronger shape for the teeth of the pinion, a shorter arc of approach, 
and (when a rotary cutter was used) a more effective cutting shape, 
the radial flanks of the pinion teeth being very much shortened. 

5 No paper on tooth gearing could be considered complete with- 
out at least a reference to Michael Longridge, Member of Council, 
who gave, in his annual reports for 1887-1888 and 1891, examples of very 
short teeth for large driving wheels. It was principally upon the 
basis of those reports that Mr. Adamson’s firm adopted a shortened 
form of tooth in 1897, full particulars of which would be found in Vol. 
24, issue No. 25 of the American Machinist of 1901, and which he 
was pleased to notice had the same length of addendum as the “‘stub- 
tooth” given in Table 1 of Mr. Steven’s paper, namely, 0.25 of the cir- 
cular pitch. 

6 Inconclusion, he sincerely trusted that the proposed joint com- 
mittee would be encouraged by the discussion on these papers to push 
forward the important question of standardization of gear teeth, and 
to put it upon such a basis that satisfactory gear teeth could be pro- 
duced in the future from a definite formula, without the use of any 
empirical correction. 


Tuomas HumpaGe! said that he thought much credit was due to 
Brown and Sharpe for standardizing their system of toothed gearing, 
which was known and used throughout the world. It was, however, 
introduced before the generating machine was in use, and it must 
give place to something better now. In view of the great advances 
that had been made during the past ten years in high-speed machin- 
ery owing to the introduction of high-speed steel and the great de- 
mand for silent running gears, the writer thought that we were un- 
doubtedly behind the times in producing correctly-formed teeth to 
run quietly at these high speeds with great pressure, and he welcomed 


‘Mem. I.M.E., Messrs. Humpage, Thompson and Hardy, Jacob St., 
Bristol, Eng. 
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any improvements that might be adopted to attain this end. The 
Brown and Sharpe system should be left alone, as it would always be 
retained by certain manufacturers because it was good enough for 
their class of work. 

2 The rack being the basis of all generated involute gears, the 
teeth should have straight sides, leaving the usual fillets at their roots 
below the working depth; and no deviation from this form should be 
made. A 12-tooth pinion should be the minimum for general pur- 
poses, because it has proved best in the past. For quietness and long 
life at high speeds, it was most essential that there should be no un- 
dereutting, and that the involute should extend to the whole working 
depth of the tooth. To generate these teeth on a 12-tooth pinion, the 
cutter or hob must have teeth with sides inclined at an angle of 22 
deg., as a less angle would shorten the length of the involute and cause 
undercutting. As regards the addendum and dedendum, he quite 
agreed with Mr. Lewis’s suggestions. These teeth could be gener- 
ated on either of the following generating machines—an autoraatic 
hobbing machine, a Bilgram, Reinecker or Sunderland spur-gear 
planer, also on a Fellows gear shaper, providing the teeth of the cutter 
were ground to a true involute form down to the working depth of 
the teeth. They could also be cut on any machine of the Brown and 
Sharpe type with disc cutters made the exact shape of the space be- 
tween the teeth. All wheels cut on these machines would then be in- 
terchangeable with each other. To facilitate repairs, it would also be 
a great advantage if manufacturers would stamp the pressure angle 
on the rims of the gears they cut, for example—143 deg. Brown and 
Sharpe, or 22 deg. 

3 It was, however, most unlikely that all the branches of the 
engineering. trade using gears would accept any one standard 
pressure angle only. Taking the automobile industry, for instance, a 
20-tooth minimum pinion was adopted by leading makers, and for 
change-speed gears a pressure angle of about 18 deg. would be suffi- 
cient to extend the involute to the working depth of the teeth without 
undercutting. It would also enable all existing machines in motor- 
car works to cut interchangeable gears, providing their cutters were 
formed on an 18 deg. angle basis. 

4 An 18 deg. angle involute tooth was much stronger than the 143 
deg. Brown and Sharpe standard tooth. which was the one generally 
adopted by the motor-car manufacturers, and owing to the involute 
being extended the wheels would run more quietly and last longer. 
The outward pressure would, however, be slightly increased above 
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the Brown and Sharpe standard, but it would be less than a 22-deg. 
angle. Again, in the printing machine and many other industries, 
the smallest pinions had more than twelve teeth, and a pressure angle 
of less than 22 deg. would be a great advantage owing to the fact that, 
when wear had taken place there was not so much back-lash and the 
machines registered more accurately. 

5 The above suggestions appeared to the writer to be the first 
steps in the right direction leading up to the far more important and 
the much-desired object of producing perfectly silent running gears. 
In the writer’s paper on Spur Gearing, read before the Institution at 
the Summer Meeting in Bristol of July 1908, he described a method 
of grinding the involute teeth of gear wheels. Since then he had con- 
tinued his experiments, which he believed to be the best way of pro- 
ducing correct involute teeth and silent-running gears, and hoped 
shortly to make the results known. 


R. M. Neruson! wrote that, in view of the necessity of having max- 
imum efficiency and a small angle of pressure in many cases where 
high powers were required to be transmitted, as, for example, in the 
propulsion of ships, it would appear to be advisable to have two stand- 
ard types of teeth—one being of a nature to allow of the teeth being 
cut with a disc cutter for any number of teeth per wheel down to 
about 12 (or possibly less than 12), while the other would be designed 
for maximum efficiency and contact and a small angle of pressure, but 
would not be of a nature to allow of execution by a dise cutter except 
for wheels having a relatively large number of teeth. To attempt to 
make one standard serve in all cases would force the employment of 
non-standard teeth in many cases. 


J. R. WiiuraMs? wrote that in his opinion the suggested increase in 
the angle of pressure, although good, both from the interchangeable 
point of view and increased strength of the teeth, would have a ten- 
dency to form shoulders on the working base of the teeth; this would, 
of course, increase the pressure on the bearings to a greater extent 
than the theoretical pressure, due purely to the increased angle, and 
would have to be allowed for when calculating the bearing surfaces for 
the shafts. 


1 Mem. I.M.E., 45 Hope St., Glasgow, Scotland. 
2 Asso. Mem. I.M.E., Tramway Power Station, Kelham Island, Sheffield, 
Eng. 
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A COMPARISON OF LATHE HEADSTOCK 
CHARACTERISTICS 


By Pror. WALTER RAUTENSTRAUCH, PUBLISHED IN THE JOURNAL FOR JUNE 1910 
ABSTRACT OF PAPER 


The paper is concerned with the determination of the adaptability of a num- 
ber of engine lathes te the economic performance of a standard task. The 
method of comparison, devised by Dr. J. T. Nicolson and Dempster Smith, 
of Manchester, England, consists in determining the extent to which each 
speed-torque combination possible in a given lathe lends itself to removing the 
greatest weight of shavings in a given time from a given diameter of work. The 
standard task assigned to each lathe is taking a predetermined area of cut on 
all diameters of work of mild and soft steel pieces, with high-heat steels. The 
results of the comparison are not intended to justify or condemn a lathe for 
general purpose work, but to exhibit the attempts of different manufacturers 
to meet the conditions favorable to the use of the high-heat steels. They show, 
among other things, that a more rational means of spacing speed-torque com- 
binations is needed. Many of the lathes examined are shown to have a 
number of speed-torque combinations which may be dispensed with, as far 
as their adaptability to more economic weigh: removal is concerned, no matter 
what the standard of comparison may be. 


DISCUSSION 


Cari G. Barru. Professor Rautenstrauch’s paper interests me 
as an evidence of the new attitude of the university and college pro- 
fessors towards the problems of the practical engineer, for it is my 
impression that until recently they concerned themselves only with 
the most general theories except for machinery connected with the 
generation of power. 

2 I regret to say, however, that the method of analysis adopted 
in this paper is hopeless as a means to the end in view, for the same 
reason that Mr. Taylor’s labors for twenty years previous to the 
perfection of slide-rules for the scientific running of machine tools 
never fully resulted in what he was after, namely, a ready and accu- 
rate means of predetermining just how efficientl, metal might be 
removed by a lathe or kindred machine tool from any piece of work 
at all fit to be handled in such a machine. This paper practically 
reattempts a theoretical solution of the basic part of the problem 
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Mr. Taylor and his earlier associates tried to solve, and that the 
present attempt has failed, except in calling attention to the desir- 
ability of a more wide-spread realization of both the problem and its 
solution, is indeed only natural. 

3 The problem is too complex for any ordinary mathematical 
analysis and requires for its solution a slide-rule of the kind just 
referred to, on which the great number of constants and variables 
entering into the problem may be so happily arranged with rela- 
tion to each other that the solution of any problem involving a 
part or all of these is solved by a moment’s inspection. 

4 Besides the impossibility of utilizing the method of analysis 
proposed in this paper for practical purposes, it would appear that 
the author has started out with a misconception of how a lathe is 
properly used in practice. He assumes that the cut a lathe is cap- 
able of taking on its full swing diameter is all that it is ever called 
upon to take, while the fact is that when used for the mere purpose 
of removing metal, a lathe is properly confined to work on diame- 
ters not exceeding the swing over its carriage, or even less. The 
maximum cut a lathe can take is limited only by the strength of the 
cutting tool when this is properly held in its post with a minimum’of 
overhang. A lathe is therefore most efficiently utilized for rough- 
ing when the work routed to it is of such medium diameters and 
lengths that the maximum cut the tool can carry does not, on the 
one hand, put an undue stress on the weakest driving gear, nor, on 
the other hand, tend to spring the work beyond the elastic limit of 
its material. 

5 Before taking steps to decide how low to make the minimum 
spindle speed of a lathe, it is therefore necessary to determine the 
maximum pressure to which we will subject its cutting tool and the 
ratio of this to the permissible pressure on the teeth of the largest spindle 
gear. From this is obtained the largest diameter on which the maxi- 
mum cut can be taken which the tool itself will safely bear. Then 
can be determined the size of this cut and the cutting speed at which 
it may be taken on the hardest material on which it is intended to 
be taken and still have the tool last an economical length of time 
before burning out or wearing down to an undue degree without 
burning out, as for extra hard materials. Rarely, however, can the 
speeding of a lathe be determined with regard to roughing work only, 
since this is usually simply one of many factors that have to be con- 
sidered. 

6 To determine the size of motor to provide for a lathe, the softest 
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material on which it is desired to take the heaviest cut the tool will 
stand must be decided and the cutting speed at which this may be 
taken with an economical tool life. The minimum revolutions of 
belt-driven as well as motor-driven lathes and the size motor to 
provide for the latter are most readily determined by means of 
special slide-rules for the purpose, on the basis of the information 
bearing on the subject contained in Mr. Taylor’s paper. On the 
Art of Cutting Metals, but approximate formulae for the purpose 
are easily developed. 


Tue Avutuor. It is to be regretted that the presentation of this 
paper has failed to call forth from the designers of lathes and similar 
machines a series of discussions which would throw additional light 
on the problem. It is hoped that this matter will not rest where 
it is, but that all having any knowledge of this subject will eventually 
contribute frankly and freely some item of value. 

2 Mr. Barth’s remarks are of much interest because of his long 
experience in this field. He does not confine himself to the body 
of the argument, however, although his contribution is of importance 
in that it presents a different point of view on what properly consti- 
tutes a basis for founding a method of comparison. 
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EXPERIMENTAL ANALYSIS OF A FRICTION 
CLUTCH COUPLING 


By Pror. Wm. T. Macruper, PuBLisHep In THe JOURNAL FoR JANUARY 1910 
ABSTRACT OF PAPER 


The paper gives the results of five lines of investigation on: (a) a dynamic 
clutch-testing machine; (b) a static apparatus, using 24-in. four-jaw friction 
clutch couplings from stock. 

The solid clutch broke at 200 h.p. at 100 r.p.m., when the load was gradually 
applied, and at 110 h.p. at 100 r.p.m. for a pick-up load; the split clutch broke 
at 140 h.p. at 100 r.p.m. with the load gradually applied. A maximum axial 
thrust on the collar of 600 lb. may be required, or 115 lb. at the end of a one-to- 
five shifter lever, creating a total pressure of 8000 lb. by the shoes on the ring, 
or 50 lb. per sq. in. 


DISCUSSION 


H. J. Smrvu. The author gives three methods of making friction 
clutch tests: 

a Static test to determine the force required to cause the 
clutch to slip with a given force on the shifter lever. 

b The clutch in motion with the load gradually applied. 

c The clutch in motion with the load suddenly applied, to 
determine the pick-up load capacity of the clutch. 

2 While the first two methods are interesting, the results do not 
apply directly to actual working conditions. The pick-up test alone 
determines the capacity of the clutch and its factor of safety. Both 
experience and the results of numerous tests show that the pick-up 
load is extremely variable, depending on the class of work. Inu some 
instances in actual practice it is more than 210 per cent above the 
normal running load of the clutch. From this it is evident that both 
in the rating and in the selection of a clutch for a given service, the 
pick-up load is the controlling factor. 

3 When a clutch under test has its load gradually applied, the 
transmitting capacity of the clutch is at its best, and its factor of 
safety highest. When called upon to pick up a dead load suddenly, 
the effect on the clutch is that of impact, and the factor of safety is 
reduced very often to a dangerous degree. 
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4 It will be seen from test 1 in Table 1 of the paper, the only 
recorded tests upon a split clutch, which is the weaker type of construc- 
tion, that with a gradually-applied load the clutch transmitted 146 
h.p. and broke. The stronger construction—the solid clutch—carried 
187 h.p. and broke. Now note that this latter solid clutch carried 
only 102 h.p. on a suddenly applied, or “pick-up” load, and broke. 

5 On the basis named by the author for gradually applied loads, 
that the four-arm split clutch will carry 78.5 per cent of the breaking 
load carried by the four-arm solid clutch, the split clutch would have 
broken on a pick-up load of about 80 h.p. This is in line with exten- 
sive prony brake tests made by me in 1908 and 1909, which showed for 
pick-up loads that 80 h.p. at 93 r.p.m. is about the rupture capacity 
of 24-in. split clutches and about 100 h.p. for 24-in. solid design 
clutches, as made by different manufacturers. 

6 I[must, however, take exception to the author’s final conclusion 
that a factor of safety of 10 exists in clutch manufacture. This is 
far too high. In the first place the coefficient of rest is greater than 
the coefficient of motion, and we must not forget that the trans- 
mitting capacity of a clutch is dependent upon its ability to pick up 
its load from rest. In practice the dead load of the prony brake 
is replaced by the friction and inertia of large masses, such as occur 
in starting into motion long lines of shafting, flywheels, pumps, 
attrition mills, ball mills, tube mills, or other similar machinery. 

7 During the time of slippage under the pick-up loads the coeffi- 
cient of friction is lowest and the wear on the wood shoes greatest. 
Once in motion the friction of rest, which exists between the clamped 
members of the clutch, insures the continued transmission of any load 
that can be picked up. 

8 In the second place the rating of a clutch of any size should 
be based on the split construction. In the test under consideration 
the rupture capacity of the 24-in. split clutch is about 90 h.p. at 100 
r.p.m. The rating of the makers is 19 h.p. at the same speed. The 
factor of safety, therefore, is less than five. 

9 In all tests made by me the final rupture occurred at the key- 
way of the clutch hub; the bolting lugs and bolts gave way at the 
same moment and the ring was broken only by the thrust of the broken 
clutch mechanism. 

10 Thereis no doubt that the transmitting capacity of a clutch 
increases practically proportionately with the number of arms; on 
the other hand it is equally certain, from a study of design, that the 
factor of safety will vary with the number of arms. My own opinion 
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of the factor of safety of a Hill clutch of four-arm construction is that 
each arm, independent of the others, should be able to carry safely 
the rated capacity of the clutch at 100 r.p.m. This gives a factor 
of safety of four. For a three-arm clutch in the same manner the fac- 
tor of safety is three, but for a six-arm clutch it rarely exceeds four. 
This is because a six-arm clutch has a no stronger hub construction 
than a four-arm clutch on account of the congested design. 

11 Inaseries of tests by Prof. R. G. Dukes of the Case School of 
Applied Science, Cleveland, results were obtained upon the ultimate 
capacities of different types and makes of clutches. In the following 
table is given the performance of a 24-in. split positive-action Hill 
clutch, which, however, was not pushed to its greatest capacity on 
account of lack of power on the testing stand: 


TABLE 1 TESTS ON 24-IN. POSITIVE ACTION HILL CLUTCH 
CATALOGUE RATING 48 H.P. AT 100 R.P.M. 


NUMBER OF THRUST ON Maximum BRAKE HorsEPOWER 
an REMARKS 
Test CouuAR, LB. LOAD, LB. aT 100 R.P.M. 
1 258 540 74 Clutch slipped 
2 334 830 113 Clutch slipped 
3 410 880 120 Clutch slipped 
4 544 1030 141 Limit of Testing 
Stand 


12 To illustrate the enormous power-tran-mitting capacity of 
the ring type of clutch, the following test is of interest. It was made 
on a 24-in. No. 60 Smith type Hill split clutch of very heavy con- 
struction. It is rated at 60 h.p. at 100 r.p.m. Fig. 1 shows the design 
of the clutch, which is positive in its action, no springs being required 
for disengaging the jaws. 

13. The test was conducted as follows: The power transmitted 
was measured by a prony brake and platform scales. The speed of 
the clutch shaft was maintained at 93 r.p.m. A spring scale meas- 
ured the force applied to the hand lever. The wood shoes were first 
worn to a fit on the ring. Then the jaws were adjusted so that a cer- 
tain pressure on the hand lever engaged the clutch. Next the brake 
band was tightened and the clutch engaged, forcibly picking up the 
dead load from rest. Repeated trials gave the maximum brake load 
which the clutch would pick up without slipping. When a slip occurred 
the jaw adjustment was increased to give larger hand lever scale 
readings, and corresponding higher brake readings. The final read- 
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ing of the transmitting capacity was limited only by the available 
power. The results are given in Table 2. 


Fie. 1 24-1n. No. 60 Hitt Sprir (Smita Type) 


14 Jt will be noted that these results were obtained with a split 
clutch starting from absolute rest—the true pick-up load—and bring- 
ing up to speed at the stated loads. No breakage occurred. It is 
the result of correct toggle action and rigidity of construction. 


TABLE 2 TESTS ON 24-IN. NO. 60 HILL SPLIT CLUTCH (SMITH TYPE) 
CaTALOGvUE 60 aT 100 R.P.M. 


Net MaximuM 


NUMBER OF THRUST ON HORSEPOWER AT 
Brake Loap, REMARKS 
Test COLLAR, LB. 100 R.P.M. 
1 188 365 58 
2 258 527 84 Clutch slipped on 
3 312 728 116 further tightening 
4 380 878 140 brake 
5 456 1087 173 
6 740 1430 228 Limit of testing stand 


Prony Brake Arm 100-in. long. 


15 Itis of interest to note also that the ring type clutch described 
in the paper was the invention of Harry W. Hill (February 10, 1885). 
In its fundamental construction two members are required: a toggle- 
locked friction clamp and a friction ring. To preserve the balance of 
the clutch and increase its capacity, additional friction clamps are 
added, making two, three, four or six arm clutches. 
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G. N. VanDeruoer. The real point in connection with friction 
clutches is undoubtedly the picking-up of the load, and these tests 
seem to lack in that they do not give the mass that is started from rest 
and the time required to accelerate it to uniform velocity. That is 
the duty the clutch has to perform and is the real measure of the 
strength of the clutch. The time should be given in seconds, or in 
fractions of seconds. When this is done we will have some idea of the 
relative value of friction clutches. 


H. J. Smirn. In regard to the time element in tests of friction 
clutches, I know that in Professor Duke’s report and in the tests I 
conducted myself, it was found best to throw in the clutch just as 
rapidly as possible. in any case, on a pick-up load, clutches of all 
types were thrown in as quickly as it could be done by the impulse 
of two men on the hand lever. 


E. P. Haines. In connection with the time taken to start a load, 
take the case of a gas engine in a machine shop. If the clutch is thrown 
in quickly, the gas engine will stop, and if it is thrown in too slowly, 
the clutch will burn out unless it has ample surface to prevent over- 
heating. The time taken to apply the load should be between the 
two extremes. 


H. J. Smrrae. Through this system of testing I have evolved the 
following rules: for single-cylinder gas engines, use a clutch of double 
the capacity at a given speed; for double and triple-cylinder gas 
engines, use one rated at from 25 to 50 per cent above the capacity 
desired; with engines of four or more cylinders, use a clutch of the 
rated capacity for steam engine practice. 


OBERLIN Smita said that clutches should always be thrown in as 
quickly as possible, especially if they have wooden or fiber shoes, 
except where gas engines are used for power. He has found that 
clutches as arule are built too small in diameter, necessitating severe 
clamping to obtain sufficient friction to carry the load. This is some- 
times necessary where the diameter must be restricted, but in general 
large diameter should be employed to obtain speed and to reduce 
the pressure on the clamps. He stated that his experience had been 
mostly with clutches used for starting presses, where the inertia 
of large shafts and heavy chains of gearing impose severe strains on 
them. Under such conditions the clutch surface is run at the highest 
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safe speed, about a mile a minute, in order to obtain the greatest 
benefit from the friction. 

2 Many of the friction clutches in the market are excellent but 
complicated. They require a great deal of mechanism to give enor- 
mous pressure at the friction surface. For driving heavy presses a 
much simpler form of clutch is preferable and the old cone form 
has been adopted. By making the surface wide and large in cir- 
cumference a very simple toggle mechanism is sufficient. 


Tue Avutuor. In rep'y to H. J. Smith’s remarks, I would say 
that every one is aware that a split pulley is not as strong as a solid 
one, and for that reason the number of split friction clutch-couplings 
sold is probably less than ten per cent of the number of solid ones 
made and sold. 

2 Inreply to Mr. VanDerhoef, it should be said that the mass that 
was started from rest is shown in Fig. 2. The 48-in. by 24-in. brake 
pulley weighed about 2800 lb. Noautomaticand autographic appara- 
tus was available for recording the time required suddenly to apply 
the load. The instructions were to throw the load on as quickly 
as possible, and this was done. To describe this action as accurately 
as possible, it is called in Table 5 a suddenly applied load rather than 
a pick-up load. Just what fraction of a second this was each one 
can judge from his own experience. The term pick-up load is quite 
indefinite as to the time element and simply describes thestarting 
into motion of a shaft, ete., which was at rest and with an indefinite 
amount of slipping of the friction members. 

3 Replying to Oberlin Smith, I would say the intensity of pres- 
sure of the shoes on the :ing was about 50 lb. per sq. in. with this ciutch 
(see Par. 37 Bd). 
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TEST OF A 15,000-KW.STEA M-ENGINE-TURBINE 
UNIT 


By H. G. Srorr anp R. J. 8. New Yorx 


This paper was published in The Journal for March 1910 and relates to tests 
of low-pressure steam turbines installed at the 59th Street Station of the 
Interborough Rapid Transit Company of New York, originally equipped 
with engines of the Manhattan type to which vertical low-pressure turbines 
and independent generators were added. The discussion upon the paper 
presented at the meeting and contributed later was published in The Journal 
for August. The following addition to the discussion is given by the author 
in reply to an inquiry as to the advisability of installing a new plant with a 
combination unit of engine and turbine. 


Tue Avutuor. In reply to the question by Max Rotter as to 
whether it would be advisa'le to install in a new plant such a com- 
bination as described in the paper, the accompanying diagram 
(Fig. 1), showing the factors entering into the cost of power, will 
answer his question. For example, with a low load factor, it is quite 
evident that the all-important point is to keep down the fixed charges 
for when the load factor is less than 20 per cent, the fixed charges 
are of vastly greater importance than any possible gain of efficiency 
due to a better type of prime mover. This is true of any plant, 
and the curve shows the futility of attempting to carry peak loads 
by means of gas engines, water power or any other prime mover 
necessitating a large investment per kilowatt. On the other hand, 
with loads having a load factor of over 60 per cent especially where 
fuel cost is high, the investment factor is of relatively small impor- 
tance, and the all-important matter is to keep down the mainte- 
nance and operating charges by using the most efficient type of plant 
obtainable, provided that it is at the same time thoroughly reliable. 

2 The total cost of power can be obtained from these curves by 
simply taking the sum of the ordinates above and below the axis for 
any load factor desired.. 
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GENERAL NOTES 


AMERICAN SOCIETY OF CIVIL ENGINEERS 


At the monthly meeting of the American Society of Civil Engineers, held 
on September 21, 1910, papers were presented on Long Island Approaches to 
the East River Tunnel, on The Sunnyside Yard, and on The Lining on the 
Four Permanent Shafts of the East River Tunnel. 


AMERICAN SOCIETY OF ENGINEERING CONTRACTORS 


The annual convention of the American Society of Engineering Contractors 
was held in St. Louis, Mo., September 27-29, 1910, in the Coliseum. Papers 
were delivered by J. B. Goldsborough and Edward Wegmann, both of New 
York, on Dam Construction for City Water Supplies; and by George C. War- 
ren, of Boston, on Work Preliminary to Street Paving and Road Work. A ban- 
quet was held during the convention and several sightseeing trips made to 
important engineering works in and around St. Louis. 


NEW ENGLAND WATER WORKS ASSOCIATION 


The twenty-ninth annual convention of the New England Water Works 
Association was held at Rochester, N. Y., September 21-23. Among the 
papers presented were: Pertinent Matters Relating to Water Works, Frederick 
Eltwood; Purification Plant of Rochester and Lake Ontario Water Company, 
Rochester, N. Y., James M. Caird; Depreciation in Water Works and Methods 
of Accounting therefor, Leonard Metcalf, Mem.Am.Soc.M.E.; The Use of 
the Water Ejector for Transporting Sand, Morris Knowles, Mem.Am.Soc. 
M.E., and John M. Rice. 


NEW YORK RAILROAD CLUB 


The first regular meeting of the New York Railroad Club for the fall season 
was held Friday evening, September 16, in the Engineering Societies Build- 
ing, 29 West 39th Street. B.S. Hinckley, Engineer of Tests of the New York 
Central and Hudson River Railroad, presented a paper entitled the Testing 
Department of a Railroad. 


NATIONAL ASSOCIATION OF GERMAN-AMERICAN TECHNOLOGISTS 


The twenty-sixth annual convention of the National Association of German- 
American Technologists was held at Newark, N. J., September 1-5. Dr. L. 
H. Friedburg presented a paper on The Activity of Radium and Permanency of 
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the Element with Side-Lights on Transmutation and Alchemy. Excursions 
were made to the Edison Laboratory, West Orange, N.J., and to the Henry 
R. Worthington Hydraulic Works, Harrison, N. J. 


ASSOCIATION OF RAILWAY ELECTRICAL ENGINEERS 


At the convention of this association, held September 27-30 at the La Salle 
Hotel, Chicago, Ill., papers were presented on the following subjects: Elec- 
tric Lighting of Railway Cars, Axle Generating Systems, Electric Traction 
on Trunk Lines, Motor Driven Machine Tools, and The Illumination of Rail- 
way Passenger Stations and Machine Shops. 


ROADMASTERS AND MAINTENANCE OF WAY ASSOCIATION 


The twenty-eighth annual convention of the Roadmasters and Maintenance 
of Way Association was held at the Great Northern Hotel, Chicago, IIL., 
September 13-16, with an attendance surpassing all former records. The 
following subjects were discussed: Proper Care of Track Material and Tools; 
Cattle Guards; New and Improved Appliances, including Ties; Standard 
Switch Target; Rail Fastenings, including Insulated Joints; Tie Plates and 
Anchors. A paper on Treated Timber was presented by J. L. Single. 


THE COLORADO ELECTRIC LIGHT, POWER AND RAILWAY ASSOCIATION 


The eighth annual convention of the Colorado Electric Light, Power and 
Railway Association was held at the Hotel Colorado, Glenwood Springs, Colo., 
September 21-23, and was the largest and most interesting meeting from a 
professional point of view that the association has ever held. Papers were 
read on the following subjects: Storage Batteries in Street Railway and Cen- 
tral Station Work, F. A. Warfield; Some Observations on Cultivating Friendly 
Relations with the Public, J. M. Connelly; Mazda Street Series Lighting, 
R. L. Jones; High and Low Tension Lines, J. C. Lawler; The Place of Rotary 
Condensers and Induction Generators in Transmission Systems, H. L. Aller. 
Reports were also received from committees appointed to investigate the 
Subject on Grounded Secondaries, Meters, Insurance, ete. 


PERSONALS 


E. T. Adams has resigned as chief engineer and manager of the gas and mill 
engine department of the Allis-Chalmers Co., West Allis, Wis., a position which 
he has held for the past five years. 


H. P. Ahrnke has become associated with the Barrett Manufacturing Co., 
New York. He was formerly identified with the Pa. Tunnel & Terminal R. R. 
Co., New York. 


Jos. E. Aue has become identified with the Snow Steam Pump Works, Buff- 
alo, N. Y. He was formerly connected with the Pacific Gas and Electric Co., 
San Francisco, Cal. 


Earle J. Banta, chief engineer of the Ohio Steam Shovel & Dredge Co., Cin- 
cinnati, O., has resigned his position to accept a similar position with the Vul- 
can Steam Shovel Co., Toledo, O. 


Harry Z. Bixler has entered the employ of the Youngstown Steel Co., 
Youngstown, O., as chief engineer. Until recently he was associated with 
Worth Brothers Co., Coatesville, Pa. 


Joseph B. Brady has resigned as assistant experimental engineer of the Hess- 
Bright Manufacturing Co., Philadelphia, Pa., to take up studies in electrical 
engineering at Purdue University, Lafayette, Ind. 


Joseph Breslove recently associated with the engineering department of 
the Westinghouse Machine Co., Pittsburg, Pa., has been appointed mechani- 
cal engineer of the Nivison-Weiskopf Co., Cincinnati, O. 


John F. Buckley, formerly general superinten lent of the St. Marys Machine 


Co., St. Marys, O., has become general manazer of the Buckley Specialty Co., 
Lima, O. 


Carl F. Dietz of the firm of Dietz & Keely, Boston, Mass., has returned from 
Europe. 


John A. Doane, formerly superintendent of shops of the Taylor Iron & Stcel 
Co., High Bridge, N. J., is now associated with the American Optical Co.., 
Southbridge, Mass., in a similar capacity. 


Henry L. Dohurty has resigned as president of the American Gas & Electrical 
Co He remains a director. 
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A. Hartill-Law, has been elected Mayor of Cairus, North Queensland. 


J. E. Johnson, Jr., until recently general superintendent of the Thomas Di- 
vision of the Republic Iron & Steel Co., Thomas, Ala., has accepted a position 
with the Lake Superior Iron & Chemical Co., Ashland, Wis., as manager. 


Edward J. Kunze, formerly instructor in steam and gas engineering. Uni- 
versity of Wisconsin, Madison, Wis., has been appointed assistant professor 
of mechanical engineering at the Michigan Agricultural College, East Lansing, 


Mich. 


A. Lebrecht has resigned his position as chief engineer of the gas and oil 
engine department of the De La Vergne Machine Co., New York, N. Y., and 
has opened an office as consulting engineer in Nuremberg, Germany. 


Ralph D. Mershon was elected president of the Alumni Association of the 
Ohio State University for the ensuing year. 


Arthur F. Pitkin has accepted a position with the General Electric Co., 
Schenectady, N. Y., as assistant to the mechanical superintendent. He was 
formerly standard practice engineer of the automobile department of the 
American Locomotive Co., Providence, R. I. 


H. F. J. Porter has been engaged during the past summer in an investigation 
of hygienic conditions and their effect on the efficiency of the employees in man- 
ufacturing establishments in Pittsburg for the Russell Sage Foundation. 


L. R. Shallenberger, until recently superintendent of construction for the 
Griffin Wheel Co., with headquarters at Chicago, Ill., has opened an office in 
Paonia, Colo., for general engineering work. 


P.S. Steenstrup, formerly general sales manager of the Hyatt Roller Bearing 
Co., Harrison, N. J., also secretary and director of the Motor and Accessory 
Manufacturers, has incorporated the Wayne Pacific Distributing Co., with 
general office in Medford, Ore., and with warehouses in Portland, Ore.. and 
San Francisco, Cal. 


H. Struckmann, until recently chief engineer and general manager of the 
Union Sand & Material Co., St. Louis, Mo., has become associated with the 
Iola Portland Cement Co., Iola, Kansas, in a similar capacity. 


James W. Thomas, formerly of the engineering staff of Westinghouse, Church, 
Kerr & Co., New York, has been appointed mechanical engineer of the New 
England Engineering Co., New York. 


ACCESSIONS TO THE LIBRARY 


This list includes only accessions to the library of this Society, included in the Engineering 
Library.¥, Lists of accessions to the libraries of the A. I. E. E. and A.I. M. E. can be secured on 
request from Calvin W. Rice, Secretary, Am. Soc. M. E. 


L’AEROPHILE. Years 16 and 17, Nos. 1-21, 23-24. Paris, 1908-09. Gift of A. 
W. H. Griepe. 

BorLerR TROUBLES AND THEIR TREATMENT. By George W. Lord. Phila- 
delphia, 1910.1 

CATALOGUE OFFICIEL DES COLLECTIONS DU CONSERVATOIRE NATIONAL DES 
Arts ET Métiers. Pts. 4and6, 1908, 1910. Paris, 1908, 1910. Gift of Con- 
servatoire National des Arts et Metiérs. 

CoLoRADO ScrientTIFIc Society. Yearbook, 1882-1910. Denver, 1910. Gift of 
the society. 

Conarés (PREMIER) INTERNATIONAL DU FROID, Parts, 1908. Comptes Rendus. 
Vols. 1-3. Paris, 1908. 

Tue EnGIneeER. Published by the Engineering Students of the Pennsylvania 
State College. Vol. 3. No.3. April 1910. 

ILLINOIS SociETY OF ENGINEERS AND Surveyors. Twenty-fifth annual report. 
1910. Chicago, 1910. Gift of the society. 

E1n JAHR VERBAND DEUTSCHER DIPLOM-INGENIEURE. By Alexander Lange. 
Sonderabdruck Zeit. des Verbandes Deutscher Diplom-Ingenieure, pt. 16, 
1910. Berlin. Gift of the author. 

AND UNIversity. Annual Calendar, 1910-1911. Montreal, 
1910. Gift of the university. 

METALLOGRAPHIE. By W. Guertler. Vol.1. No.4. Berlin, Borntraeger, 1910. 

Moror Union JourNAL. Vol. 2. No.6. July 1910. London, 1910. 

Oxn1o Exvecrric Ligut Association. Programme, 16th annual convention, 
July 26-28, 1910, Cedar Point, Ohio. 

ORGAN FUR DIE FORTSCHRITTE DES EISENBAHNWESENS. General Index. Vol. 
1-44. 1864-1907. Wiesbaden, 1873-1908. 

PENNSYLVANIA, COLONIAL AND FepERAL. A History. 1608-1900. Edited by 
H. M. Jenkins. Philadelphia, 1902. 

RESISTANCE DE L’Air. By G. Eiffel. Paris, 1910. Gift of the author. 

SCHWEIZERISCHER INGENIEUR UND ARCHITEKTENVEREIN MITGLIEDERVER- 
ZEICHNIS. 1909. Zurich, 1909. Gift of the society. 

SoclETY FOR THE PROMOTION OF ENGINEERING EpucaTion. List of the Officers 
and Members, April, 1910. 

Society oF ENGINEERS OF EAsTERN NEw York. List of Members, 1910. Al- 
bany, 1910. Gift of the society. 


‘ Corrected Title. Published incorrectly in The Journal for July. 
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TECHNIK UND WirtscuartT. Yr. 1, pts. 1-5, 7-12. Berlin, 1908. Gift of A. W. 

bh H. Griepe. 

TECHNIKER IN DER MODERNEN STAATSWIRTSCHAFT. By Alexander Lang. 
Sonderabdruck aus dem Zeit. des Verbandes Deutscher Diplom-Ingen- 
ieure, Pt. 1, 1910. Berlin. Gift of the author. 

TRAVELING ENGINEERS AssOcIATION. Report of 18th annual meeting Niagara 
Falls, Can., Aug. 16-18, 1910. Gift of the association. 

James Wartr’s CONTRIBUTION TO THE ADVANCEMENT OF ENGINEERING. By 
Robert Caird. From Papers of the Greenock Philosophical Society. Green- 
ock, 1910. Gift of the author. 

Wisconsin Gas AssocraTIon. Proceedings. 1910. Milwaukee, 1910. 


EXCHANGES 


AMERICAN Socigery oF Civit Transactions. Vol. 68. New York, 
1910. 

INSTITUTION OF CIvIL ENGINEERS. Minutes of Proceedings. Vol. 180. Lon- 
don, 1910. 

JiGs AND Fixtures. By Einar Morin. Pts. 1-3. New York, 1909. 

Memoria bu GENIE Maritime. Ministére dela Marine. Dec. 1908, May and 
June 1910. Paris, 1910. 

NATIONAL ASSOCIATION OF CoTTON MANUFACTURERS. Transactions. No. 85. 
Boston, 1909. 


TRADE CATALOGUES 


ALLIS-CHALMERS Co., Milwaukee, Wis. Bull. No. 1054. Steam Turbines and 
Generators, 43 pp. 

H. G. Barr, Worcester, Mass. Multiple spindle sensitive drilling machines, 
2 pp; Drilling and tapping machines, 1 p. 

Brown Hoisting Macuinery Co., Cleveland,O Modern ore and coal handling 
machinery, 80 pp. 

CLEVELAND AuToMATIC MacHINE Co., Cleveland, O. Automatic machines, 
attachments and tools, 114 pp. 

CONSOLIDATED SAFETY VALVE Co., New York. Safety valve capacity with 
tables of capacities of safety valves, by P. G. Darling, 31 pp. 

Hess-Bricut Mra. Co., Phila, Pa. Adapter bearings for radial loads on line 
shafts, 1 p; Marine propeller ball bearing thrust block, 1 p. 

IpEAL Evectrric & Mra. Co., Mansfield, O. Bull. No. 1051. Revolving field 
alternators, 11 pp. 

JouNns-MANVILLE Co., New York. Roofing Salesman, Aug. 1910, 8 pp. 

Link-BE.T Co., Phila, Pa. Peck carrier for conveying of coal and ashes in 
power houses, 96 pp 

NATIONAL Etectric Lamp Assoc., Cleveland, O. Bull.9 A. Cost of Light, by 
S. E. Doane, 19 pp; Bull. 12. Electric Lighting of Automobiles, 23 pp. 

NiILes-BEMENT-Ponp Co., New York. Progress Reporter, June 1910, 20 pp. 

Joseru T. Ryerson Co., New York. Stock list of iron and steel supplies, 144 


Pp- 
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UNDERFEED STOKER Co. or America, Chicago, Ill. Publicity Magazine, July 
and August, 30 pp. 

Veeper Mra. Co., Hartford, Conn. Odometers and tachodometers for auto- 
mobiles, 15 pp; Counters for machines, cash registers, and other automatic 
machines, 31 pp; Castings, 14 pp; Cyclometers for bicycles and mutorcy- 
cles, 16 pp. 

WaTSON-STILLMAN Co., New York. Twin volute turbine pumps, 76 pp. 

WHEELER CONDENSER & ENGRG. Co., Carteret, N. J. Bull. 106. High vacuum 
surface condensers for steam turbines, 19 pp. 

R. D. Woop & Co., Phila, Pa. Theissen patent centrifugal contra-flow gas 
washer, 23 pp. 


UNITED ENGINEERING SOCIETY 


ENGINEERING Recorp. Vol. 24. New York, 1891. 

Kansas Gas, Water, Evectric Licgut & Street Ratuway AssocraTIon. 12th 
annual meeting, Wichita, Kan., Sept. 23-24, 1909. Gift of the association. 

MicuiGcan Gas AssocraTion. Proceedings of the 18th annual meeting, 1909. 
Gift of the association. 

MuNICcIPAL ENGINEERING. Vols. 22-23. New York, 1902. 

SANITARY ENGINEER. Vols. 12, 16. New York, 1885, 1887. 

STATEMENT OF Facts CONCERNING THE SO-CALLED BARCROFT APPRAISAL OF 
THE Detroit Unitep LINES IN THE City oF Detroit, AUGUST 
1910. Gift of R. B. Rifenberick. 

STATESMAN’S YEARBOOK, 1910. London, Macmillan & Co., 1919. 

Surveyors InstiruTion. List of Members, 1910. Westminster, 1910. Gift of 
the institution. 
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EMPLOYMENT BULLETIN 


The Society has always considered it a special obligation and pleasant duty to be the medium 
of securing better positions for its members. The Secretary gives this his personal attention 
and is most anxious to receive requests both for positions and for men available. Notices are 
not repeated except upon special request. Copy for noticesin this Bulletin should be received 
before the 12th of the month. The list of men available is made up of members of the Socicty 
and these are on file, with the names of other good men not members of the Society, who are 
capable of filling responsible positions. Information will be sent upon application. 


POSITIONS AVAILABLE 


047 Wanted by foundry and machine company near New York several cap- 
able estimators and draftsmen. Opportunities to advance in engineering de- 
partment or to other departments. 


048 High grade designing draftsman with large experience in steam engineer- 
ing practice, for a permanent position with large manufacturing concern in 
Massachusetts. State age, education, experience and salary expected. 


049 Instructor, machine drawing and design. Initial salary $1000 to $1200 
for seven months, promotion assured to right man. Candidate should have 
good experience in shop and drafting room. Department M. E., School of 
Mining, Kingston, Ont., Canada. 


050 A young man to assist in engineering department, $850 for the college 
year to start. Should have some drafting room experience, besides a college 
degree; work involves gas engine design. Would prefer to have man who has 
had some experience in this line. University of Minnesota. 


MEN AVAILABLE 


116 Mechanical engineer, practical technical graduate, at present employed 
as factory superintendent in an eastern manufacturing concern, would con- 
sider an opening in a similar capacity or in general engineering work. 


117 Member, technical graduate, charge of large shops as superintendent 
and manager, also estimating cost systems, correspondence, etc., thorough 
experience in design, construction and economical operation of power and manu- 
facturing plants. Several years experience as sales manager Corliss engines; 
also as general sales manager Water Tube Boilers. Desires position with chance 
to secure an interest. Engaged in special work at present but desires perma- 


nency. 
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118 Member, age 35, practical mechanic, technical education Cornell Uni- 
versity, desires position as general superintendent or works manager, good 
hustler and organizer. Experience with the heaviest class of machinery. 


119 Mechanical engineer, graduate of M. I. T., five years practical experi- 
ence, three years chief engineer manufacturing concern, desires a responsible 
position with good opportunities for advancement. At present employed. 


120 Mechanical engineer, fourteen years experience, heating, ventilating, 
power plant, gas engine and gas producer, machine tools; general engineering 
experience covers shop, drafting room, selling and experimental station, fac- 
tory methods and system. Inventive and executive ability; speaks English, 
German and French. Salary, $2000. New York City or. vicinity. 


121 Junior, 30, seven years as draftsman and designer of gas engines, large 
units, mining and special machinery. One year systematizer, six months as- 
sistant master mechanic over maintenance gang of one hundred; six months 
secretary of refrigerating air-machine company. Has executive ability, suc- 
cessful with help, adaptable, ingenious, resourceful. 


122 Young engineer, Stevens graduate; specialized in power plant equip- 
ment, condensers and cooling towers, desires position leading to administra- 
tive responsibility. 


123 Young engineer, Stevens graduate. Recently assistant to consulting 


civil engineer. Would like position with manufacturing concern. Junior 
Member 


124 Member, 30 years experience, designing, constructing, selling and in- 
stalling general machinery for factories, railroads and sugar plantations, in 
Cuba, Mexico and South America, desires position of responsibility with com- 
pany requiring service of experienced mechanical engineer. Speaks Spanish 
and ig familiar with export business. 


125 Junior Member, technical graduate, eight years experience in enxi- 
neering and manufacturing, at present chief draftsman in large manufac- 
turing concern in Michigan, desires position in the, East. 


126 Member having extensive executive and mechanical experience de- 
sires to secure a position in Greater New York as sales or purchasing engi- 
neer; large experience in designing, selling and buying sugar machinery. 


| | 
| | 
i 
| . i 
| 
‘ 
! 
| 
| 
q 
if 
| 
| 
‘ 


CHANGES IN MEMBERSHIP 
CHANGES OF ADDRESS 


ABRAHAMS, M. Landa (Junior, 1910), U. S. Engr.’s Office, Federal Bldg., 
Chicago, Il. 

ADAMS, Edward T. (1899), Milwaukee Club, Milwaukee, Wis. 

ADAMS, Kilburn E. (Junior, 1908), Mech. Engr., Boston & Albany R. R., Rm. 
372, South Sta., Boston, and for mail, 629 Watertown St., Newtonville, 
Mass. 

AHRNKE, H. P. (Junior, 1902), Barrett Mfg. Co., 17 Battery Pl., New York, 
N. Y. 

AUE, Joseph E. (1899), Snow Steam Pump Wks., Buffalo, N. Y. 

AUTENRIETH, George C. (Junior, 1908), Instr., Descriptive Geometry and 
Drawing, College of the City of N. Y., New York, N. Y., and for mail, 5 
Duer Pl., Highwood Park, Weehawken, N. J. 

BANTA, Earle Jackson (1907), Ch. Engr., Vulcan Steam Shovel Co., Toledo, 

BENNET, Orville G., Jr. (Junior, 1907), Okonite Co., 253 Broadway, New 
York, N. Y. 

BLAKE, Clinton F. (1901), R. F. D. 6, Box 112, Oregon City, Clackamass Co., 
Ore. 

BRADY, Joseph Benjamin (Junior, 1910), 218 Fowler Ave., West Lafayette, 
Ind. 

BRAMAN, Samuel N. (Junior, 1902), 10 Newbury St., Boston, Mass. 

BUCKLEY, John Francis (1906), Genl. Mgr., Buckley Specialty Co., Lima, O 

DAMON, Walter Henry (1909), Supt. of Generating, United Elec. Light Co., 
32 Bancroft St., Springfield, Mass. 

DAY, Charles (Junior, 1902), Member of Firm, Dodge, Day & Zimmermann, 
Engrs., Wash. Bldg., 608 Chestnut St., Philadelphia, and 5021 Schuyler 
St., Germantown, Philadelphia, Pa. 

DOANE, John Appleton (1910), Supt. of Mch. Shops, Am. Optical Co., South- 
bridge, Mass. 

DODGE, Kern (Junior, 1902), Member of Firm, Dodge, Day & Zimmermann, 
Iingrs., Wash. Bldg., 608 Chestnut St., Philadelphia, and 5135 Pulaski 
Ave., Germantown, Philadelphia, Pa. 

DREYFUS, Theo. Frank (Junior, 1903), 895 W. Bancroft St., Toledo, O. 

EVANS, Henry O. (1896), Contr. and Designing Engr. of Special Mchy., 566 
Drexel Bldg., Philadelphia, Pa. 

FLAGG, Stanley G., Jr. (1891), 8. G. Flagg & Co., Morris Bldg., 1421 Chest- 
nut St., Philadelphia, Pa. 

FLETEMEYER, Louis H. (Junior. 1906), Ch. Draftsman, Canada Fdy. Co.. 
Ltd., and for mail/, 519 Brock Ave., Toronto, Ont., Canada. 
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FROST, Harwood (1910), 1636 Monadnock Blk., Chicago, IIl. 

GREUL, W. Herman (1907), Otis Elev. Co., 17 Battery Pl., New York, N. Y. 

HAGAR, Arthur Percy (Associate, 1907), Engr., Marine Dept., Safety Car 
Htg. & Ltg. Co., 206 Erie St., Jersey City, and for mail, 716 Cliften Ave., 
Newark, N. J. 

HANSEN, T. H. C. (1905), Wire Specialty Wks., 549 Fulton St., and for mail, 
2429 Leland Ave., Chicago, III. 

HAZELTON, William 8. (1909), 247 Hancock Ave., E., Detroit, Mich. 

HENDERSON, Geo. R. (1890), Cons. Mech. Engr., 500 N. Broad St., Phila- 
delphia, Pa. : 

HENES, Harry W. (Junior, 1909), A. Bolter’s Sons, Structural Steel, Rm. 612, 
84 La Salle St., Chicago, IIl. 

HIBBARD, H. Wade (1891; 1894), Prof. Mech. Engrg., Univ. of Mo., 1307 
Kaiser Ave., Columbia, Mo. 

HILL, Alfred J. (Associate, 1992), 1330 Castillo St., Santa Barbara, Cal. 

JOHNSON, J. E., Jr. (1896; 1901), Mgr., Lake Superior Iron & Chem. Co., 
Ashland, Wis. 

KEELY, Royal R. (1901; 1907), Prof. Elec. Engrg., Nova Scotia Tech. College, 
Halifax, N.S. 

KING, Roy Stevenson (1904; 1910), 252 Jefferson St., Valparaiso, Ind. 

KUNZE, Edward J. (1907), Asst. Prof. Mech. Engrg., Michigan Agri. College, 
East Lansing, Mich. 

LANGLOTZ, Robert (1894; Associate, 1904), 78 Delevan St., and for mail, 396 
Third St., Brooklyn, N. Y. 

LARNER, Chester W. (Associate, 1907), Hyd. Engr., Wellman-Seaver-Mor- 
gan Co., Cleveland, O. 

LAUER, Conrad N. (Associate, 1903), Mgr., Dodge, Day & Zimmermann, 
Wash. Bldg., 608 Chestnut St., and 2217 Estaugh St., Philadelphia, Pa. 

LEBRECHT, A. (1910), Cons. Engr., Hefnersplatz 3, and Bayrentherstrasse 
22, Nuremberg, Germany 

LEEPER, Ralph W. (Junior, 1908), Genl. Elec. Co., Provident Bank Bldg., 
Cincinnati, O. 

LEVIN, Arvid Michael (1894), Mech. Engr., 864 Monadnock Bldg., Chicago, 
Ill. 

LINDSAY, W. Edward (1895), Cons. Engr., 1S. 20th St., and for mail, P. O. 
Box 196, Birmingham Ala. 

MILLER, Frank Louis (Associate, 1907), Erecting Engr., Southwark Fdy. & 
Mch. Co., Philadelphia, Pa. 

MILNE, James (1907), Cons. Engr., Windsor, Ont., Canada. 

PEDDLE, John Bailey (1909), Prof. Mch. Design, Rose Poly. Inst., and for 
mail, 2117 N. 10th St., Terre Haute, Ind. 

PITKIN, Arthur Frederick (Junior, 1907), Asst. Mech. Supt., Genl. Elec. Co., 
Schenectady, N. Y. 

RAY, David H. (Associate, 1904), Instr., College of the City of N. Y., 140th 
St. and Convent Ave., and for mail, 329 Edgecomb Ave., New York, N. Y. 

REED, Edgar Howard (Junior, 1905), Supt., Reed & Prince Mfg. Co., Duncan 
Ave., and for mail, Wildwood Ave., Worcester, Mass. 

ROSS, Charles Everett (1900), Cons. Engr., 52 Beaver St., and for mail, Hotel 
Chelsea, W. 23d St., New York, N. Y. 
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1678 CHANGES IN MEMBERSHIP 


SHALLENBERGER, Louis R. (1895; 1902), Civ. and Mech. Engr., Paonia, 
Colo. 

STREET, Clement F. (1893), with firm of Clement F. Street, Locomotive Stok- 
ers, 166 Washington Ave., and for mail, P. O. Box 192, Schenectady, N. Y. 

STRUCKMANN, Holger (1909), Ch. Engr. and Genl. Mgr., Iola Portland Ce- 
ment Co., Iola, Kan. 

THOMAS, James Winthrop (1905), Mech. Engr., New England Engrg. Co., 
50 Church St., New York, N. Y. 

TRUELL, Karl O. (Associate, 1906), Colloseus Cement Co., 26 Beaver St., 
New York, N. Y. 

TUTTLE, Irving E. (Junior, 1909), Mech. Draftsman, Westinghouse, Church, 
Kerr & Co., New York, and for mail, 475 Washington Ave., Brooklyn, N. Y. 

WEGG, David S., Jr. (Junior, 1909), Telluride Inst., Olmstead, Provo, Utah, 
and for mail (temporarily), 16 E. Ontario St., Chicago, IIl. 

WILDER, Clifton W. (1907), Elec. Engr., Pub. Service Com., 154 Nassau St., 
New York, N. Y. 

WOOLSON, Ira H. (1896), Cons. Engr., Natl. Bd. of Fire}Underwriters, 135 
William St., New York, N. Y. 

ZIMMERMANN, John Edward (Junior, 1907), Member of Firm, Dodge, Day 
& Zimmermann, Engrs., Wash. Bldg., 608 Chestnut St., Philadelphia, and 
Willow Grove, Pa. 


NEW MEMBERS 


BLAKESLEE, Frank Authur (1910), Mech. Supt., Taquah Min. and Explora- 
tion Co., Tarkwa, Gold Coast Colony, West Africa. 

FEKETE, Stephen (Junior, 1910), 29 Spring Garden St., Edgewood Sta., Prov- 
idence, R. I. 

LUNDGREN, Charles G. (1910), M. M., National Tube Co., and for mail, 1018 
W. 8th St., Lorain, O. 


DEATHS 


CRUIKSHANK, Barton, June 27, 1910 
GARBETT, Joseph, August 22, 1910 
PORTER, Charles T., August 28, 1910 
SPIES, Albert, August 16, 1910 
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GAS POWER SECTION 


CHANGES OF ADDRESS 


ADAMS, Edward T. (1909), Mem.Am.Soc.M.E. 
AUE, Jos. E. (1908), Mem.Am.Soc.M.E. 
MILLER, Frank Louis (1910), Mem.Am.Soc.M.E. 
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STUDENT BRANCHES 
CHANGES OF ADDRESS 


ALLEN, Chas. L. (Student, 1910), Waterford, New York. 

BOHNSTENGEL, Walter (Student, 1909), Dodge City, Kansas. 

COLBURN, B. V. (Student, 1910), 911 Marion Ave., Cincinnati, O. 

COYLE, J. F. (Student, 1909), 353 Wright St., Kingston Sta., Wilkes Barre, 
Pa. 

FEHR, Roy B. (Student, 1910), 618 Kelly St., Wilkinsburg, Pa. 

HELLER, Alfred (Student, 1909), Lackawanna Club, Lackawanna, N. Y. 

HILFORD, V. H. (Student, 1909), Box 488, Caney, Kansas. 

HODGSON, J. H.S. (Student, 1910), 89 Douglas St., Hammond, Ind. 

JACOBSEN, C. H. (Student, 1910), 432 64th Ave., West Allis, Wis. 

JAHNKE, Chas. B. (Student, 1910), care Mr. Northrop, Church St., Beloit, 
Wis. 

JANDA, Jas. F. (Student, 1909), Y. M. C. A. Bldg., Aurora, III. 

KERR, George W. (Student, 1910), 618 Kelly St., Wilkinsburg, Pa. 

KONSTANKEWICZ, M. J. (Student, 1910), 116 W. 5th Ave., Gary, Ind. 

LEHMAN, Myron G. (Student, 1910), 228 Elmwood Ave., Buffalo, N. Y. 

LEVY, M.S. (Student, 1909), care Mrs. E. Stoefler, Amer. Shoe Store, 2 Rue 
du Quatre, Paris, France. 

LOHSE, A. W. (Student, 1909), 3249 S. Park Ave., Chicago, III. 

MANSFIELD, W. M. (Student, 1909), 312 Ferdinand Ave., Detroit, Mich. 

MATTHAT, A. D. (Student, 1910), 1 Monroe Pl., Brooklyn, N. Y. 

MERRIAM, Frank E. (Student, 1910), 815 South Ave., Wilkinsburg, Pa. 

MOBLEY, Roy H. (Student, 1910), 1933 Market St., Philadelphia, Pa. 

MONTGOMERY, Stafford (Student, 1910), Strafford, Chester Co., Pa. 

NIXDORFYF, S. P. (Student, 1909), 773 State St., Schenectady, N. Y. 

PHILLIPS, Ernest C. (Student, 1910), Box 712, Gary, Ind. 

POLHEMUS, D. A. (Student, 1910), 1106 Carnegie Bldg., Pittsburg, Pa. 

PRIESTER, HENRY (Student, 1909), 21 Essex St., Hackensack, N. J. 

REYNOLDS, Herbert B. (Student, 1909), 106 Highland Pl., Ithaca, N. Y. 

SCHLEGEL, Carl A. (Student, 1910), 1005 University Ave., 8. E., Minneap- 
olis, Minn. 

SCHULTZ, A. F. (Student, 1910), 1118 Franklin Ave., Wilkinsburg, Pa. 

SMITH, Temple C. (Student, 1910), 38 Fulton St., Newark, N. J. 

STEED, Arthur (Student, 1910), 824 Rebecca St., Wilkinsburg, Pa. 

TRANE, R. N. (Student, 1910), 106 Lincoln Ave., Milwaukee, Wis. 

WERNICK, F. E. (Student, 1909), 1110 13th St., Moline, IIl. 

WHEDBEE, Edgar (Student, 1909), 190 8S. Oxford St., Brooklyn, N. Y. 

WOODS, Arthur P. (Student, 1909), Turtle Creek, Pa. 

YOUNG, D. A. (Student, 1909), Delagua, Colo. 
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COMING MEETINGS 
OctoBER—N OV EMBER 


Advance notices of annual and semi-annual meetings of engineering societies are regularly 
published under this heading and secretaries or members of societies whose meetings are of 
interest to engineers are invited to send such notices for publication. They should be in the 
editor’s bands by the 15th of the month preceding the meeting. When the titles of papers 
read ut monthly meetings are furnished they will also be published. 


ALABAMA LIGHT AND TRACTION ASSOCIATION 
November 21-23, annual convention, Anniston, Ala. Secy., Geo. 8. Emery. 

AMERICAN ELECTROCHEMICAL SOCIETY 
October 13-15, annual meeting, Chicago, Ill. Secy., Jos. W. Richards, 
Lehigh University, Bethlehem, Pa. 

AMERICAN INSTITUTE OF MINING ENGINEERS 
October 21-November 15, special meeting, Canal Zone, 8. A. Secy., Dr. 
Joseph Struthers, 29 W. 39th St., New York. 

AMERICAN MINING CONGRESS 
September 26-October 1, annual convention, Los Angeles, Cal. Managing 
director, Sidney Norman. 

AMERICAN RAILWAY ASSOCIATION 
November 16, semi-annual meeting, St. Louis, Mo. Secy., W. F. Allen, 24 
Park Pl., New York. 

AMERICAN SOCIETY OF CIVIL ENGINEERS 
October 5, 19, 220 W. 57th St., New York. Papers: October 5, Tieton 
Canal, E. G. Hopson; October 19, The Reconstruction of the Passenger 
Terminals at Washington, D. C., W. F. Strouse. Secy., C. W. Hunt. 

AMERICAN SOCIETY OF MUNICIPAL IMPROVEMENT 
October 11-16, annual convention, Erie, Pa. Secy., Prescott Folwell, 239 
W. 39th St., N. Y. 

AMERICAN STREET AND INTERURBAN RAILWAY ASSOCIATION 
October 10-14, annual convention, Atlantic City, N. J. Secy., H. C. Don- 
ecker, 29 W. 39th St., New York. 

AMERICAN RAILWAY BRIDGE AND BUILDING ASSOCIATION 
Oct. 18-20, annual convention, Fort Worth, Ind. Secy., C. A. Lichty, 215 
Jackson Blvd., Chicago, III. 

ILLUMINATING ENGINEERING SOCIETY 
October 24, annual convention, Baltimore, Md. Secy., P.S8. Millar, 29 W. 
39th St., New York. 

INTERNATIONAL CONGRESS OF REFRIGERATION 
October 9-12, University of Vienna, Austria. Papers: Constructing and 
Testing Refrigeration Machinery and Insulating Materials, Application 
of Refrigeration to Food, Industrial Refrigeration, Railway and Steam- 
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ship Refrigeration, Legislation and Administration. Chairman of Com- 
mittee on Transportation, F. W. Pilsbury, 1660 Monadnock Block, Chi- 
cago, Ill. 

NATIONAL ASSOCIATION OF RAILWAY COMMISSIONERS 
November 16-23, annual meeting, Washington, D. C. Reports: Powers, 
Duties and Work of State Railway Commissions, Legislation, Shippers’ 
Claims on Common Carriers, Railway Service and Railway Accommoda- 
tion, Construction and Operating Expenses of Electric Railways, Simpli- 
fication of Railway Tariffs, Rates and Rate Making, Uniform Classifica- 
tion, Car Service and Demurrage, Railway Capitalization, Safety Appli- 
ances, Grade Crossings and Trespassing on Railroads, Railroad Taxes and 
Plans for Ascertaining the Fair Value of Railroad Property, Amendment of 
Act to Regulate Commerce, Delays Attendant upon Enforcing Orders of 
State Railway Commissions. Secy., Wm. H. Connolly, c/o Interstate 
Commerce Commission. 

NATIONAL MUNICIPAL LEAGUE 
November 14-18, annual meeting, Buffalo, N. Y. Secy., Clinton Rogers 
Woodruff, North American Bldg., Philadelphia, Pa. 

RAILWAY SIGNAL ASSOCIATION 
October 11-13, annual meeting, Richmond, Va. Secy., C. C. Rosenberg, 
Bethlehem, Pa. 


MEETINGS IN THE ENGINEERING SOCIETIES BUILDING 


Date Society Secretary Time 
October p.m. 
5 Wireless Institute. . .S. L. Williams..... 7.30 
5 Empire State Gas and Electrical Associa- 
6 Blue Room Engineering Society............ W. D. Sprague....... 8.00 
11 American Society of Mechanical Engineers. .C. W. Rice..... joke Se 
13 Illuminating Engineering Society...........P. 8. Millar.......... 8.15 
14 American Institute of Electrical Engineers.R. W. Pope.......... 8.00 
18 New York Telephone Society...............T. H. Lawrence...... 8.00 
19, 20, 21 American Gas Institute................ A. B. Beadle...... All day 
21 New York Railroad Club...................H. D. Vought........ 8.15 
26 Municipal Engineers of New York ......... C. D. Pollock........ 8.15 
November 
3 Blue Room Engineering Society... 
8 American Society Mechanical Engineers 
10 Illuminating Engineering Society........... P. 8. Miller.......... 8.15 
11 American Institute of Electrical Engineers. R. W. Pope.......... 8.00 
15 New York Telephone Society.......... ...T. H. Lawrence... . 8.00 
17-18 Society of Naval Architects and Marine 
18 New York Railroad Club. . 
23 Municipal Engineers of New York. 
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CURRENT BOOKS 


THe Raitway Lisrary 1909. A Collection of Noteworthy Chapters, Addresses 
and Papers Relating to Railways, Mostly Published during the Year. 
Compiled and Edited by Slason Thompson. Chicago, The Gunthorp-War- 
ren Printing Co., 1910. Cloth, 8vo, 403 pp. 


Contents: Introduction; Pre-Railway Era in America, by F. A. Cleveland and F. W. Powell; First 
Annual Report of the Chief Engineer of the Pennsylvania Railroad Company, by J. Edgar Thomp- 
son; Railways and the Pacific Northwest, by James J. Hill; Southern Railways and their Needs, 
by John F. Waliace; Problems confronting American Railways, by Daniel Willard; The Ratlroad 
Situation of To-day, by Frank Trumbull; Transportation Charge and Prices, by Logan G. McPher- 
son; The Freight Rate Primer, issued by the N. Y. C. & H. R.R.R. Co.; Progressive Safety in Rail- 
way Operation, by A. H. Smith; Railway Mail Pay, by Julius Kruttschnitt; The Diminished Pur- 
chasing Power of Railway Earnings, by C. C. McCain; The Railroads and Public Approval, by 
Edward P. Ripley; Railroads and the Public, by John C. Spooner; Railroad Problems of Today, 
by J. B. Thayer; The Relation of the Railroads to the State, by W. M. Aeworth; Railway Nation- 
alization, by Sir George S. Gibb; Concerning Advances in Railway Rates, by the Senate Committee 
on Interstate Commerce, 1909; Statistics of American Railways for 1909, by Slason Thompson. 


Hiau-Sreep Steet. The Development, Nature, Treatment and Use of High- 
Speed Steels, together with some Suggestions as to the Problems involved 
in their Use. By O. M. Becker. New York, McGraw-Hill Book Co., 1910. 
Cloth, 8vo, 360 pp., Price, $4 net. 


Contents: Introduction; Section I. The Development and Nature of High-Speed Steels; Sec- 
tion II. Making the Steels and the Tools; Section III. The Tool at Work; Section IV. The New 
Requirements; Section V. Problems Involved in the Use of High-Speed Steels; Section VI. Ap- 
pendices. 


Factory ORGANIZATION AND ADMINISTRATION. By Hugo Diemer. New York, 
McGraw-Hill Book Co., 1910. Cloth, 8vo, 317 pp., Price, $3 net. 


Contents: Industrial Engineering; The Economic Theory of Factory Location; The Planning 
of Factory Buildings and the Influence of Design on their Productive Capacity; Staff and Depart- 
mental Organization;Executive Control in the Factory; Departmental Reports; The General Office; 
The Order Department; Bills of Material; The Drafting Department; The Pattern Department; 
Stores and Stock Departments; The Production Department; Foundry Systems; The Machine 
Shop and Tool Department; Shipping and Receiving Departments; Time Taking; Cost Depart- 
ment; Aids in Taking Inventory; Inspection Methods in Modern Machine Shops; Employment of 
Labor and Labor Problems; Wage Systems; The Fixing of Piece Work Rates; Principles Underly- 
ing Good Management; A Bibliography of Works Management. 


ComPRESSED Air. Theory and Computations. By ElmoG. Harris. New York, 
McGraw-Hill Book Co., 1910. Cloth, 8vo, 123 pp., Price $1.50. 


Contents: Formulas for Work; Measurement of Air; Friction in Air Pipes; Hydraulic and Cen- 
trifugal Air Compressors; Special Applications of Compressed Air; The Air-Lift Pump; Examples 
and Exercises; Plates and Tables; Appendices. 
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OFFICERS AND COUNCIL 


PRESIDENT 
Pittsburg, Pa. 
VICE-PRESIDENTS 
Terms expire at Annual Meeting of 1910 
New York 


Terms expire at Annua! Meeting of 1911 


PAST-PRESIDENTS 
Members of the Council for 1910 
MANAGERS 

Terms expire at Annual Meeting of 1910 

Terms expire at Annual Meeting of 1911 

Terms expire at Annual Meeting of 1912 

TREASURER 


CHAIRMAN OF THE FINANCE COMMITTEE 


SECRETARY 


[1684] 


HONORARY SECRETARY | 
j 
| 


- 


EXECUTIVE COMMITTEE OF THE COUNCIL 


Avex. C. Humpureys, Chairman F. R. Hutton 
Cuas. WuiTina Baker, Vice-Chairman H. L. Gantr 
F. M. Wayte 


STANDING COMMITTEES 


FINANCE 


Artuor M. Warrt (5), Chairman Rosert M. Dixon (3), Vice-Chairman 
Eowarop F. Scunuck (1) Geo. J. Roperts (2) 
Watpo H. Marsa tt (4) 


HOUSE 


Wituram Carter Dickerman (1), Chairman Francis Buiossom (3) 
Bernarpb V. Swenson (2) Epwarp Van WINKLE (4) 
H. R. (5) 


LIBRARY 


Joun W. Lies, Jr. (3), Chairman Leonarp (2) 
AMBROSE SWASEY (1) Cuas. L. CLarKB&(4) 
Atrrepb Noste (5) 


MEETINGS 


Wits E. Haut (5), Chairman L. R. Pomeroy (2) 
Wa. H. Bryan (1) Cuas. E. Lucke (3) 
H. pe B. Parsons (4) 


MEMBERSHIP 


Cuaarves R. Ricaarps (1), Chairman Georae J. Foran (3) 
Francis H. Srittman (2) Hosea WessTER (4) 
Tueo. Sressins (5) 


PUBLICATION 


D. 8. Jacosus (1), Chairman Frep R. Low (3) 
H. F. J. Porrer (2) Geo. I. Rocxwoop (4) 
Geo. M. Basrorp (5) 


RESEARCH 


. F. M. Goss (4), Chairman R. H. Rice (2) 
.C. Carre Ter (1) D. Mersuon (3) 
Jas. CuristiE (5) 


Note—Numbers in parentheses indicate number of years the member has yet to serve 
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SPECIAL COMMITTEES 


1910 
On a Standard Tonnage Basis for Refrigeration 
D. 8. Jacosus G. T. VoorHEEs 
A. P. TRAUTWEIN De C. BALL 
E. F. 
On Society History 
Joun E. Sweet H H. 
Cuas. WaLLAcE Hunt 
On Constitution and By-Laws 
Watuace Hont, Chairman F. R. Hutron 
G. M. Basrorp D. S. Jacosus 
Jesse M. Smita 
On Conservation of Natural Resources 
Geo. F. Swarn, Chairman L. D. 
CHARLES WHITING BAKER M. L. HotmMan 
W. Rice 
On Identification of Power House Piping 
H. G. Srortr, Chairman I. E. Mouttrop 
W. H. Bryan H. P. Norton 
J. T. WHITTLESEY 
On International Standards for Pipe Threads 
E. M. Herr, Chairman Gero. M. Bonp 
Wiiuram J. BALDWIN Srantey G. Jr. 
On Standards for Involute Gears 
Witrrep Lewis, Chairman E. R. FELLows 
Huco C. R. GaBRIEL 
GAETANO LANZA 
Nominating Committee 
Rosert M. Hunt, Chairman F. F. Gaines 
Geo. M. Basrorp E. M. Herr 
W. H. V. Rosina 
On Power Tests 
D. 8. Jacosus, Chairman L. P. BRECKENRIDGE Epwarp F. MILuLer 
Epwarp T. ADAMS KENT ARTHUR WEST 
Georce H. Barrus CHARLES E, Lucker ALBERT C. Woop 
On Standardization of Flanges 
A. M. Martice J. P. SpaRRow 
Wma. ScHWANHAUSSER H. G. Storr 


On Student Branches 
F. R. Hurron, Honorary SEcRETARY 
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SOCIETY REPRESENTATIVES 
1910 


On John Fritz Medal 
AmBrRosE SwaseEy (1) CHas. Hont (3) 
F. R. Hourron (2) Henry R. Towne (4) 


On Board of Trustees United Engineering Societies Building 


F. R. Hutton (1) Frep J. MiLuer (2) 
Jesse M. Samira (3) 


On Library Conference Committee 
J. W. Lies, Jr., OF THE LipRARY Commitrez, Am.Soc.M.E. 


On National Fire Protection Association 
Joun R. FREEMAN Ira H. Wootson 


On Joint Committee on Engineering Education 
Avex. C. F. W. Tartor 


On Advisory Board National Conservation Commission 


Geo. F. Swain Joun R. FREEMAN 
Cuas. T. Main 


On Council of American Association for the Advancement of Science 
Avex. C. HumMpHREYs Frep J. 


Nore—Numbers in parentheses indicate number of years the member has yet to serve. 
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OFFICERS OF THE GAS POWER SECTION 


1910 


CHAIRMAN SECRETARY 
J. R. Brpsins Geo. A. OrRoK 


GAS POWER EXECUTIVE COMMITTEE 


F. H. St1tuMAn (1), Chairman F. R. Hutton (3) 
G. I. RocKwoop (2) H. H. Supwee (4) 
F. R. Low (5) 
GAS POWER MEMBERSHIP COMMITTEE 
H. R. Cosiercu, Chairman A. F. StrttMan 
H. V. O. Coes G. M.S. Tait 
A. E. JoHNSON GEORGE W. WHYTE 
F. S. Kina S. S. Wyer 
GAS POWER MEETINGS COMMITTEE 
Wm. T. Macruper, Chairman NisBet LATTA 
W. H. H. B. MacFar_tanp 
E. D. Dreyrus C. W. OBERT 
A. H. GoLpINGHAM C. T. WILKINSON 
GAS POWER LITERATURE COMMITTEE 
C. H. Bensamin, Chairman L. S. Marks 
G. D. T. M. PHETTEPLACE 
R. S. pe G. J. Ratusun 
L. V. GorBBELs R. B. BLoEMEKE 
L. N. Lupy A. L. Rice 


A. J. Woop 


GAS POWER INSTALLATIONS COMMITTEE 


L. B. Lent, Chairman A. BEMENT 
C. B. ReEaRIcK 


GAS POWER PLANT OPERATIONS COMMITTEE 


I. E. Mouttrop, Chairman C. N. Durry 
J. D. ANDREW H. J. K. Freyn 
C. J. Davipson W. S. Twinina 


C. W. WHITING 


GAS POWER STANDARDIZATION COMMITTEE 


C. E. Lucke, Chairman E. T. ADAMS 
ARTHUR WEST James D. ANDREW 
J. R. Brssins H. F. Smits 


Louis C. DoELLING 


Nore—Numbers in parentheses indicate number of years the member has yet to serve. 
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MEETINGS OF THE SOCIETY 


THE MEETINGS COMMITTEE 


Wiuus E. Haut (5), Chairman L. R. Pomeroy (2) 
Wn. H. Bryan (1) Cuas. E. Lucke (3) 


H. peB. Parsons (4) 
Meetings of the Society in Boston 
Ira N. Houuis, Chairman I. E. Moutrrop, Secretary 
Epwarp F. MILLerR J. H. Lipsey 
Meetings of the Society in St. Louis 
Wm. H. Bryan, Chairman Ernest L. Ounte, Secretary 
R. H. Tart, Vice-Chairman Frep E. Bauscu 
M. L. Ho_tman 


OFFICERS OF STUDENT BRANCHES 


INSTITUTION 


Stevens Inst. of Tech., 
Hoboken, N. J. 

Cornell University, 
Ithaca, N. Y. 


Armour Inst. of Tech., 
Chicago, Ill. 

Leland Stanford Jr. 
University, Palo 
Alto, Cal. 

Polytechnic Institute, 
Brooklyn, N. Y. 

State Agri. College, 
Corvullis, Ore. 

Purdue University, 
Lafayette, Ind. 

University of Kansas, 
Lawrence, Kan. 

New York Uuiv., 
New York 

Univ. of Illinois, 
Urbana, III. 

Penna. State College. 
State College, Pa. 

Columbia University, 
New York. 

Mass. Inst. of Tech., 
Boston, Mass. 

Univ. of Cincinnati, 
Cincinnati, O. 

Univ. of Wisconsin, 
Madison, Wis. 

Untv. of Missouri, 
Columbia, Mo. 

Univ. of Nebraska, 
Lincoln, Neb. 


Univ. of Maine, 
Orono, Me. 

Univ. of Arkansas, 
Fayetteville, Ark. 


BRANCH 
HONORARY CHAIR- 
AUTHORIZED 
MAN 
BY COUNCIL 
1908 


December 4 Alex. C. Humphreys 


December 4 R. C. Carpenter 


1909 
March 9 G. F. Gebhardt 
March 9 W. F. Durand 
March 9 W. D. Ennis 
March 9 Thos. M. Gardner 
March 9 L. V. Ludy 
March 9 P. F. Walker 
November 9 C. E. Houghton 


November 9 W. F. M. Goss 


November 9 J. P. Jackson 


November 9 Chas. E. Lucke 


November 9 Gaetano Lanza 


November 9 J. T. Faig 


November 9 C. C. Thomas 


December 7 H. Wade Hibbard 


December 7 C. R. Richards 


1910 
February 8 Arthur C. Jewett 


April 12 B. N. Wilson 
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PRESIDENT 


H. H. Haynes 


Cc. C. Allen 


F. E. Wernick 


A. F. Meston 


J.S. Kerins 

C. L. Knopf 

Ht. A. Houston 
C. E. Johnson 
Harry Anderson 
B. L. Keown 

G. B. Wharen 

F. R. Davis 
Morrill Mackenzie 
H. B. Cook 
John 8. Langwill 
R. V. Aycock 


W. J. Wohlenberg 


H. N. Danforth 


C. B. Boles 


CORRESPONDING 
SECRETARY 


R. H. Upson 


C. F. Hirschfeld 


W. E. Thomas 


J. B. Bubb 


Percy Glianella 

S. H. Graf 

J. M. Barr 

C. A. Swiggett 
Andrew Hamilton 
C. 8. Huntington 
G. W. Jacobs 

H. B. Jenkins 
Foster Russell 

C. J. Malone 

Karl L. Kraatz 
Osmer Edgar 


W. H. Burleigh 


A. H. Blaisdell 


W. Q. Williams 
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JAMES WATT 


PORTRAIT BY SIR WILLIAM BEECHY 
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